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Summary 
Since the rise of early civilisations people have adapted and modified water bodies for their use. 
Water is made available through dams, wells, canals and other infrastructure to provide drinking 
water for households and livestock and to feed irrigated agriculture. Despite myriad benefits due 
to water resources development and management there are also adverse effects. Certain 
components of it can facilitate the transmission of infectious diseases or impact the psycho-
social conditions of affected communities and individuals. 
The framework of this PhD thesis is built around ascertaining the nature and scale of 
health impacts caused by water resources development and management projects in order to 
facilitate the prevention and mitigation of these impacts. Part I deals with dams and with health 
issues in connection with the construction of the Nam Theun 2 hydroelectric project (NT2) in 
the Lao People’s Democratic Republic. Part II discusses the role of health impact assessment 
(HIA) as a tool for the systematic appraisal of positive and negative health effects of projects, 
programmes and policies. Part III focuses on the impact of water resources development and 
management projects on the transmission of lymphatic filariasis and Japanese encephalitis. In 
Part IV the effectiveness of different methods for dengue vector control is analysed. 
Part I: Dams can positively or negatively impact various aspects of health. Dam projects can 
generate revenue for development and increase the output of agricultural production by feeding 
irrigation systems. Negative impacts from constructions may include the proliferation of vectors 
that transmit infectious diseases, mental health problems in resettled communities or increased 
rates of sexually-transmitted infections around work camps. 
The analysis of baseline health data of the people in the two areas (the Nakai plateau 
where the dam will be located and Xe Bang Fai downstream area where the water will be 
discharged) that are in proximity to the NT2 project revealed that malnutrition is a considerable 
public health issue. 56% of the children younger than 5 years in Nakai and 36% of the children 
in Xe Bang Fai were estimated to be underweight. Infection with intestinal nematodes was 
another significant public health problem. An infection with Ascaris lumbricoides was found in 
68% and hookworms in 9.7% of the population surveyed on the Nakai plateau. Malaria was of 
less importance and due to expected reduction of the vector’s habitat (deforestation), malaria 
prevalence may further decrease in the future. The NT2 project also has large potential to 
improve health. Increased incomes through construction and development could improve the 
nutritional situation and the construction of water and sanitation systems in the resettlement 
villages may lead to an overall decrease in the prevalence of infectious diseases. 
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Analysis of existing data on health seeking behaviour showed substantial differences between 
the highland Nakai community and the lowland Xe Bang Fai communities. Self-treatment with 
anti-malarial drugs (chloroquine and sulfadoxine-pyrimethamine) was practiced by 32% and 7% 
of the people with malaria symptoms in Xe Bang Fai in Nakai, respectively. The mean amount 
spent per person for one consultation was US$ 1.7 in Nakai and US$ 7.2 in Xe Bang Fai. 
Part II: Health impact assessment of projects, programmes and policies is a methodology that 
aims at identifying and mitigating negative health effects and enhancing positive ones. Over the 
past two decades, HIA has been developed, and has become an integral part of public-health 
policies in industrialised countries. However, in the developing world, the institutionalisation of 
HIA still has some distance to go. We assessed and quantified the number of HIA related 
publications in the peer-reviewed literature and discussed the need for conducting HIA in the 
developing world, which can be clearly seen in petroleum and water resources development 
projects. A systematic literature search revealed that less than 6% of the publications had a 
specific focus on developing countries. Hence, there is a pressing need for HIA in the 
developing world, particularly in view of current predictions of major petroleum and water 
resources development projects, and China’s increasing investment in the oil and water sectors 
across Africa. Vector-borne and water-based diseases, for example, are key public-health issues 
in tropical and sub-tropical environments. Major infrastructural projects can induce 
environmental change which in turn might spur transmission of those diseases. Since the 
Chinese government and Chinese enterprises currently lack experience in conducting HIA, we 
argue that these projects are unlikely to be built and operated in an environmentally and public 
health friendly manner. We suggest that binding international regulations should be created to 
insure that projects, programmes and policies undergo HIA, particularly if they are constructed 
in the developing world. 
Part III: In this study we investigated the impact of irrigation on the transmission of Japanese 
encephalitis. Currently, there are approximately 220 million people living in proximity to 
irrigated agriculture. Over the past 40 years, the land area irrigated for rice cultivation increased 
by 22% in Japanese encephalitis-endemic countries. This may contribute to the steadily 
increasing incidence of Japanese encephalitis in those countries. We show that intermittent 
irrigation could interrupt the life cycle of the vector Culex tritaeniorhynchus, which could lead 
to an elimination of up to 91% of the immature stages of the vector. 
In a second study, we calculated that worldwide over 2 billion people are at risk of 
lymphatic filariasis. Of those, 213 million live in proximity to irrigated agriculture and 394.5 
million live in urban areas with inadequate sanitation facilities. In Bangladesh, India, Myanmar 
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and Nepal alone, we find 52% of the burden, 29% of the people at risk, 69% of the size of the 
population at risk due to proximity to irrigated land and 33% of the population that lacks of 
improved sanitation. Water resources development and management can lead to a proliferation 
of the following vectors: Anopheles gambiae, An. funestus, An. barbirostris, Cx. 
quinquefasciatus, Cx. pipiens pipiens, Cx. antennatus and Aedes polynesiensis. However, it can 
also curb the breeding of An. pharoensis, An. melas, An. subpictus und Ae. samoanus. We argue 
that there is a considerable need to investigate the impact of water resources development and 
management on clinical parameters of lymphatic filariasis. 
Part IV: Dengue, which is transmitted by Ae. aegypti and Ae. albopictus, is the most prevalent 
arboviral disease. The global incidence of dengue is 50-100 million cases annually, with up to 
500,000 resulting in hemorrhagic fever or dengue shock syndrome. The vectors show breeding 
preferences for domestic water containers. Vector control remains the cornerstone for the 
prevention and control of dengue, however, there is a paucity of evidence regarding the 
effectiveness and applicability of different vector control methods. We conducted a systematic 
literature search and identified 56 publications. From these, we could extract relevant data about 
61 dengue vector control interventions, trials and programmes. By means of a meta-analysis we 
compared the effectiveness of chemical control, biological control, environmental management 
and integrated vector management (several methods combined).  
We found that integrated vector management is the most effective method to reduce the 
Breteau index (number of containers per 100 houses infected with dengue vectors), the house 
index (percent of houses with infected containers) and the container index (percent of containers 
infected), resulting in random combined relative effectiveness of 0.33, 0.17, and 0.12, 
respectively (0 means complete elimination of breeding comtainers, whereas 1 reflects no 
change). Environmental control showed a relatively low effectiveness, i.e. 0.71 for the Breteau 
index, 0.43 for the house index and 0.49 for the container index. Biological control usually 
targeted a small number of people (median population size: 200; range: 20-2500), whereas 
integrated vector management focused on larger populations (median: 12,450; range: 210-
9,600,000). 
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Zusammenfassung 
Die Erschliessung von Quellen und Brunnen, die Schiffbarmachung von Flüssen, der Bau von 
Bewässerungskanälen, Staudämmen und Abwassersystemen ist die Voraussetzung jeglicher Art 
zivilisatorischer Entwicklung. In den letzten Jahrzehnten entstanden jedoch Kontroversen über 
den Nutzen von Wasserbauprojekten, welche oft eine Degradierung der Natur, 
Landenteignungen, Umsiedelungen und Auswirkungen auf die menschliche Gesundheit zur 
Folge haben. 
Das Ziel dieser Doktorarbeit ist es, Auswirkungen von Wasserbauprojekten auf die 
Gesundheit zu erforschen und die Möglichkeiten der Gesundheitsverträglichkeitsprüfung zu 
untersuchen. Der erste Teil befasst sich mit Gesundheitsauswirkungen, die durch 
Staudammprojekte verursacht werden. Als Fallstudie wird das Nam Theun 2 Staudammprojekt 
(NT2) in der Demokratischen Volksrepublik Laos untersucht. Teil zwei erörtert die Anwendung 
der Gesundheitsverträglichkeitsprüfung in Entwicklungsländern. Im dritten Teil wird 
untersucht, wie Wasserbauprojekte die Übertragung der beiden Infektionskrankheiten 
lymphatische Filariose und japanische Enzephalitis beeinflussen und in Teil vier werden 
verschiedene Kontrollmassnahmen zur Bekämpfung des Denguefiebers auf ihre Wirksamkeit 
untersucht.  
Teil I: Staudämme können das gesamte Spektrum der Gesundheit positiv und negativ 
beeinflussen. Staudammprojekte generieren Einkommen und begünstigen dadurch Entwicklung. 
Weiter ermöglichen sie durch Bewässerung eine erhöhte landwirtschaftliche Produktion. 
Negative Folgen sind zum Beispiel die Vermehrung von krankheitsübertragenden Mücken, 
psycho-soziale Probleme in Gemeinschaften, die umgesiedelt wurden oder die Verbreitung von 
sexuell-übertragbaren Krankheiten in der Umgebung von Arbeitersiedlungen. 
Die Untersuchung des Gesundheitszustandes der Bevölkerung im Gebiet des NT2 
Staudammes in Laos hat gezeigt, dass eines der schwerwiegensten Gesundheitsprobleme die 
Unterernährung ist. In den zwei untersuchten Regionen Nakai (die Hochebene, auf welcher der 
Staudamm gebaut wird) und Xe Bang Fai (die Tiefebene, in welche das Wasser geleitet wird) 
war Untergewicht bei 56% respektive 36% der Kinder unter 5 Jahren festgestellt worden. 
Andere Gesundheitsprobleme sind Darmparasiten wie Nematoden (Fadenwürmer). In Nakai 
wurde Ascaris lumbricoides bei 68% und Hakenwürmer bei 9.7% der untersuchten Leute 
diagnostiziert. Malaria stellt ein kleineres Problem dar, und auf Grund der zu erwartenden 
Verringerung des Lebensraumes der übertragenden Mücke durch Abholzung, werden 
Malariaerkrankungen in Zukunft wahrscheinlich weiter zurückgehen. Das NT2 Projekt birgt 
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viele Chancen. Die Erhöhung der Einkommen könnte die Unterernährung verringern und die 
Erstellung von sanitären Anlagen zu einer Verringerung der Infektionskrankheiten führen. 
Zwischen den Bewohnern der Bergregion Nakai und der Flusstiefebene des Xe Bang Fai 
wurde in Bezug auf das Aufsuchen von Gesundheitseinrichtungen und das Beziehen von 
Gesundheitsdienstleistungen Unterschiede gefunden. Selbstbehandlung mit 
Malariamedikamenten (Chloroquin und Sulfadoxin-Pyrimethamin) bei Malariasymptomen 
wurde von 32% der Leute in Xe Bang Fai und von 7% der Leute in Nakai erwähnt. Die 
durchschnittliche Summe pro bezogener Gesundheitsdienstleistung pro Person betrug US$ 1.7 
in Nakai und US$ 7.2 in Xe Bang Fai. Deutliche Unterschiede gab es auch im Vorkommen von 
Fieber, Kopfweh, Myalgie und Husten, wobei auf dem Nakai Plateau diese Symptome vermehrt 
auftraten. 
 Teil II: Die Gesundheitsverträglichkeitsprüfung ist eine Methode, welche darauf hinzielt, 
negative Gesundheitsauswirkungen von Infrastrukturprojekten, Programmen und politischen 
Entscheiden zu vermindern und positive Auswirkungen zu fördern. In den vergangenen zwei 
Jahrzehnten wurde die Gesundheitsverträglichkeitsprüfung weiterentwickelt und bildet heute 
einen integralen Teil der Gesundheitspolitik in industrialisierten Ländern. In 
Entwicklungsländern ist die Institutionalisierung der Gesundheitsverträglichkeitsprüfung jedoch 
noch nicht sehr weit fortgeschritten. Unsere Literaturrecherche hat ergeben, dass weniger als 7% 
der wissenschaftlichen Publikationen über Gesundheitsverträglichkeitsprüfung sich auf 
Entwicklungsänder beziehen, obwohl ein dringender Bedarf besteht, 
Gesundheitsverträglichkeitsprüfungen in Entwicklungsländern voranzutreiben und zu 
praktizieren. Ein Argument für diesen Bedarf ist, dass die bedeutensten Krankheiten wie zum 
Beispiel durch Mücken übertragene Infektionskrankheiten in tropischen Entwicklungsländern 
stark an deren Ökosysteme gebunden sind. Durch Ökosystemveränderungen, zum Beispiel 
verursacht durch ein Staudammprojekt, kann die Übertragung dieser Krankheiten erhöht 
werden. Insbesondere China tätigt vermehrt Investitionen in Staudammprojekte und in die 
Ölförderung in Afrika. Da die chinesische Regierung und private chinesische Firmen wenig 
Erfahrung in der Durchführung von Gesundheitsverträglichkeitsprüfungen haben, ist es 
unwahrscheinlich, dass diese grossen Infrastrukturprojekte in einer gesundheitsverträglichen 
Weise gebaut und betrieben werden. Wir schlagen deshalb vor, dass in Entwicklungsländern 
eine gesetzesgebundene Institutionalisierung der Gesundheitsverträglichkeitsprüfungen 
stattfinden soll. 
Teil III: Wir berechneten, welcher Einfluss die Bewässerung auf die Übertragung der 
japanischen Enzephalitis weltweit hat. Zur Zeit leben etwa 220 Millionen Menschen in der Nähe 
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von landwirtschaftlich bewässerten Zonen im Verbreitungsgebiet der japanischen Enzephalitis, 
das in Asien liegt. Die weltweite Reisanbaufläche in endemischen Ländern stieg in den letzten 
40 Jahren um 22%. Der Reisanbau stellt eine mögliche Erklärung für den stetigen Anstieg der 
Krankheit dar. Wir konnten zeigen, dass periodisches Fluten und Austrocknen der Reisfelder 
den Brutzyklus des Vektors Culex tritaeniorhynchus unterbrechen und folglich bis zu 91% der 
Larven und Puppen eliminiert werden konnten. 
Eine ähnliche Studie hat ergeben, dass weltweit über eine Milliarde Menschen einem 
erheblichen Risiko ausgesetzt sind, sich mit lymphatischer Filariose anzustecken. Davon leben 
213 Millionen in der Nähe von bewässerten Landwirtschaftsgebieten und 394.5 Millionen in 
urbanen Gebieten mit unzureichender sanitärer Versorgung. Alleine in Bangladesh, Indien, 
Myanmar und Nepal sind 52% der Morbidität und 69% der ansteckungsgefährdeten Personen 
auf Gebiete mit Bewässerungsanlagen oder mangelhaften sanitären Anlagen konzentriert. 
Wasserbauprojekte können die Vermehrung von folgenden Vektoren fördern: Anopheles 
gambiae, An. funestus, An. barbirostris, Cx. quinquefasciatus, Cx. pipiens pipiens, Cx. 
antennatus und Aedes polynesiensis. Sie können anderseits auch die Proliferation von An. 
pharoensis, An. melas, An. subpictus und Ae. samoanus einschränken. Wir stellen fest, dass ein 
grosser Bedarf besteht, die Auswirkungen von Wasserbauprojekten auf klinische Parameter der 
japanischen Enzephalitis und der lymphatischen Filariose zu untersuchen.  
Teil IV: Dengue ist die häufigste von Mücken übertragene Viruserkrankung. Pro Jahr werden 
50-100 Millionen Denguefieberfälle gemeldet, wobei davon etwa 500’000 Fälle sich entweder 
in einem hämorrhagischen Denguefieber oder in einem Dengue-Schock-Syndrom manifestieren. 
Die Überträgermücken Ae. aegypti und Ae. albopictus brüten vorzugsweise in Wasserbehältern, 
die für die Trinkwasserspeicherung benutzt werden. Die einzige Möglichkeit, die Krankheit zu 
kontrollieren, ist die Mückenbekämpfung. Bisher herrschte Unklarheit darüber, welche 
Bekämpfungsmassnahme am wirksamsten sei. Mit Hilfe einer systematischen 
Literaturrecherche wurden in 56 Studien über 61 Vektorbekämpfungsinterventionen, die in 
Entwicklungsländern durchgeführt wurden, identifiziert. Mittels einer Metaanalyse haben wir 
die Wirksamkeit von chemischen, biologischen, umweltbasierten und integrierten (mehrere 
Kontrollmassnahmen kombiniert) Vektorbekämpfungsmassnahmen berechnet. Der Bretauindex 
(Anzahl Brutplätze pro 100 Häuser), der Hausindex (Prozentanteil der Häuser mit 
Mückenbrutplätzen) und der Kontainerindex (Prozentanteil der Gefässe, die als Brutplätze 
dienen) werden am wirksamsten durch integrierte Kontrollmassnahmen reduziert. Die 
randomisiert-kombinierte relative Wirksamkeit von integrierter Mückenbekämpfung betrug 
beim Breteauindex 0.33, beim Hausindex 0.17 und beim Kontainerindex 0.12, wobei 0 
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vollständige Eliminierung der Brutplätze und 1 keine Veränderung wiederspiegelt. Weniger gute 
Werte wurden für die umweltbasierten Bekämpfungsmethoden berechnet, nähmlich 0.71 für den 
Breteauindex, 0.43 für den Hausindex und 0.49 für den Kontainerindex. Biologische 
Kontrollinterventionen wurden in eher kleinen (20 bis 2500 Personen) und integrierte 
Kontrollmassnahmen eher in grösseren Gebieten (Median: 12’450 Personen) durchgeführt. 
Daraus schliessen wir, dass integrierte Vektorkontrollmassnahmen wirksam sein können, 
vorausgesetzt sie sind den lokalen öko-epidemiologischen und sozio-kulturellen Gegebenheiten 
angepasst. 
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1. Introduction 
1.1 Framework 
Throughout human history people have adapted and modified water bodies for their use. Water 
is made available through dams, wells, canals and other infrastructure to provide drinking water 
for households and livestock and to feed irrigated agriculture (Denecke, 1954; Schadewaldt, 
1983). Rivers and lakes are used for transportation and to deposit waste-water. Technologies for 
improving water quality such as sanitation systems and sewage plants were also invented. Over 
the course of industrialisation, technical advancement enabled the construction of dams, 
irrigation systems and canals of a hitherto unknown scale. Today, the vast majority of the 
freshwater surface is altered and made available by water resources development and 
management projects (UNEP, 2006). The term “water resources development and management 
projects” includes newly built water-related facilities such as dams, irrigation systems, canals, 
sanitation or water storage installations (water resources development) and changes done in 
existing water-related facilities (water resources management). Such activities include the 
maintenance of drains, vegetation management, river boundary modification, irrigation or water-
storage management (WHO, 1982). 
Despite a myriad of benefits due to water resources development and management there 
are also adverse effects. Among those, the most important are effects on human health and the 
environment. Reservoirs of dams destroy settlements, cultural heritage and agricultural land, 
which impacts on local populations in various ways. Water from inadequately maintained or 
polluted sources can carry a number of pathogens that cause diarrhoea, hepatitis, typhoid fever 
or parasitosis. Alteration of water bodies can lead into a proliferation of certain snail and fish 
species that act as intermediate hosts for a variety of trematode-borne diseases (e.g. 
schistosomiasis, opisthorchiasis and clonorchiasis) or mosquitoes that transmit viruses (e.g. 
dengue, yellow fever and Japanese encephalitis), protozoae (e.g. malaria) and metazoae (e.g. 
lymphatic filariasis, onchocerciasis and loiasis) (Quelennec et al., 1968; Crump, 1989; 
Amerasinghe and Ariyasena, 1991; Molyneux, 1997; Southgate, 1997; Molyneux, 1998; 
Amerasinghe, 2003; Mukhtar et al., 2003; Keiser and Utzinger, 2005). It is not water-related 
environmental alteration per se that causes adverse effects. Rather certain components of it can 
deplete ecosystems and facilitate the transmission of human diseases (Jobin, 1999).  
Adverse effects on health can be avoided or mitigated by building water projects in a way 
that negative effects are minimised. A tool to prospectively appraise potential health impacts of 
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water resources development projects is health impact assessment (HIA) (Scott-Samuel, 1996). 
Mitigating negative effects of existing projects can be achieved by water resources management. 
Land erosion and soil depletion, for example, can be minimised by specific irrigation techniques 
and waste-water can be purified before it reaches rivers. To render water bodies unfavourable 
for vectors and intermediate hosts they can either be permanently altered by environmental 
modification or temporarily by water-treatment, sealing or intermittent irrigation (Keiser et al., 
2002; Keiser et al., 2005b). 
The framework of this thesis is built around the nature, scale and prevention of health 
impacts caused by water resources development and management projects. The thesis is 
composed of four parts, each of which examines the issue of water resources development and 
management projects from a different angle. 
As presented in Table 1.1, Part I deals with dams which are the most prominent and 
controversial examples of water resources development projects. As a case study, health issues 
in connection with the construction of the Nam Theun 2 hydroelectric project (NT2) in the Lao 
People’s Democratic Republic (Lao PDR) were investigated. Part II discusses the role of HIA 
as a tool for the systematic appraisal of positive and negative health effects caused by projects, 
programmes and policies in general, and water resources development projects in particular. 
Part III focuses on the impact of water resources development and management projects on the 
transmission of two vector-borne diseases, namely lymphatic filariasis and Japanese 
encephalitis. In Part IV the effectiveness of different methods for dengue vector control is 
analysed. 
 
Table 1.1: Thematic parts of the thesis 
Thematic parts in the context of water resources 
development and management projects 
Topic Case studies 
Part I (Chapters 3 & 4): Water resources 
development projects 
Dams and human 
health 
NT2, central Lao PDR 
Part II (Chapter 5): Tools for mitigating negative and 
enhancing positive effects 
HIA HIA in developing countries 
Part III (Chapters 6 & 7): Adverse impact: infectious 
diseases 
Vector-borne 
diseases 
Japanese encephalitis and 
lymphatic filariasis 
Part IV (Chapter 8): Water resources management Vector control Effectiveness of different dengue 
vector control measures 
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1.2 Part I - Water resources development projects 
1.2.1 Large dams and irrigation systems 
Over the past two centuries dams changed landscapes and people’s livelihoods. The society 
depends on dams that are prerequisite for domestic water supply, irrigated agriculture, 
hydroelectric power, flood control and navigation. Worldwide, there are more than 45,000 large 
dams (definition: height of dam > 15 m or volume > 3 million m3 ) and 800,000 small dams. 
Large dams provide water for 30-40% of the irrigated land and for 19% of the electricity 
production (Figure 1.1).  
Worldwide, 60% of the rivers have been affected because of dams and diversion, while 40-
80 million people were displaced and 400,000 km2 of land surface was innundated. In the 
developed world, the potential for dam projects is largely exploited and activities centre around 
rehabilitation, optimising and refinement of existing dams. Around 2000 dams are currently 
under construction, primarily in the developing world and than 1000 found in India and China 
alone (Gujja and Perrin, 1999; WCD, 2000) (Table 1.2). 
Dam projects are associated with development, economic growth and political power. 
They build the basis of the livelihoods of whole regions and they are the fate of often several 
thousand people who have to be resettled. Therefore, dam projects are the matter of often quite 
controversial debate including issues such as gains, losses, equity and civil rights.  
 
Figure 1.1: Cumulative commissioning of large dams in the 20th century, excluding over 90% of large dams 
in China. Source: International Commission on Large Dams (ICOLD, 2006) 
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Irrigation systems have been installed since humans started to do agriculture. However in the 
20th century the area of irrigated land has been extensively enlarged. In India and China, for 
example, the land surface that is irrigated has been doubled since the early 1960s. Today, more 
than 110 million ha are irrigated in those two countries. Particularly in Asia (excluding China, 
India and the former Sovjet Union (USSR)) the irrigated area has been increased in the past 50 
years from about 33 to 65 million ha. Also in North America, there was an increase of irrigated 
agriculture of about 60% in the past 50 years. During the same period, South America, Europe 
and Austral-Asia experienced a slight increase and in the former USSR there was a decrease of 
the irrigated surface in the past 15 years (Figure 1.2). The world’s population will grow from 
currently 6 billion to an estimated 9.4 billion by 2050 (UN, 2005). Therefore, an increase in 
food production, particularly rice, is required. Irrigation plays an important role in increasing 
agricultural production and will be a part of the future strategies to optimise food output. 
Currently, only 8.5% of Africa’s agricultural land is irrigated. Trends suggest that the irrigated 
area increases by 1% per annum and a large potential exists to develop irrigated rice cultivation 
(FAO, 2007). 
 
Table 1.2: Dams under construction in selected countries. Source: International Commission 
on Large Dams (ICOLD, 2006) 
Country Number of large dams Function 
India 695-960  Irrigation and multi-purpose 
China 370 Flood control and hydropower 
Turkey 193-209 Irrigation, hydropower and water supply 
Iran 48 (> 60 meters) Irrigation and multi-purpose 
Algeria  7 Not known 
Brazil 6 Not known 
Venezuela 5 Not known 
 
1.2.2 Issues associated with dams 
Issues in connection with dams occur at the political, economic, environmental and social level. 
Issues at the political level arise since water sheds and rivers mostly cross borders of several 
countries and therefore questions about user rights come up with most dam projects. Issues and 
concerns range from fisher rights and water quality to flow volumes and electricity pay scales. 
Financial and economic profitability of dams can vary significantly. Schedule delays, cost 
overruns and variability in electricity pay scales suggest a broad variation in economic 
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performance. Despite many hydroelectric dams are profitable, studies showed that some dam 
projects did not meet the economic targets (WCD, 2000). 
However, collateral gains and losses such as infrastructural improvement around dam 
projects, emerging fisheries in reservoirs, food security, health impacts, loss of land and 
destroyed livelihoods are often not included in those calculations. Due to this complexity it is 
difficult to assess actual economic gains of dams. 
 
Figure 1.2: Area of irrigated agricultural land, stratified by continents and countries. Source: Food and 
Agriculture Organisation (FAO, 2007) 
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through the influx of people (e.g. construction workers, their families and project followers), 
money and goods and by infrastructural investment. 
1.2.3 Dams and human health 
The health situation of populations in areas where dams are built and operated can be affected 
directly or indirectly, whereas the whole spectrum of health issues are affected. Health is 
impacted directly by occupational hazards, accidents and injuries mainly during construction or 
by floods and drowning. Indirect impacts, both positive and negative occur through altered 
socio-economic status, altered nutrition due to changes in the availability of fish and other foods 
or through improvements of the regional health. Change caused by dam construction and 
operation can be subdivided into three different categories, which are (i) ecosystem change, (ii) 
social change, and (iii) economic, political and infrastructural change. Table 1.3 summarises 
causes and effects of impact on different systems which can be assigned to those categories. 
A different stratification of health issues that are likely to be impacted can be done by 
eleven broadly defined environmental health areas (Listori and Doumani, 2001). 
 
(1) Respiratory diseases: e.g. bacterial and viral acute respiratory infections (ARIs), 
pneumonias, tuberculosis (TB); 
(2) Vector-related diseases: e.g. malaria, typhus, dengue; 
(3) Sexually-transmitted infections (STIs): e.g. HIV/AIDS, genital ulcer disease, syphilis, 
gonorrhea, Chlamydia, hepatitis B; 
(4) Soil- and water-borne diseases: e.g. soil-transmitted helminthiasis, leptospirosis, 
schistosomiasis, meliodosis, cholera; 
(5) Food- and nutrition-related issues: e.g. stunting, wasting, micro-nutrient diseases, 
changes in agricultural practices, bacterial and viral gastroenteritis; food-borne 
trematodiasis; 
(6) Accidents/injuries: e.g. traffic and road-related, home and project-related construction 
and drowning; 
(7) Exposure to potentially hazardous materials: e.g. pesticides, inorganic and organic 
fertilizers, road dusts, air pollution (indoor- and outdoor-related to vehicles, cooking, 
heating or other forms of combustion/incineration), landfill refuse or incineration ash, 
any other project-related solvents, paints, oils or cleaning agents, dissolved organic or 
inorganic substances in the impoundment (mercury, arsenic, fermentation gases); 
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(8) Psychosocial: e.g. relocation, violence, security concerns, substance abuse (drug, 
alcohol, smoking), depression and communal social cohesion; 
(9) Cultural health practices: e.g. the role of traditional medical providers, indigenous 
medicines and unique cultural health practices; 
(10) Health services infrastructure and capacity: e.g. physical infrastructure, staffing levels 
and technical capabilities of health care facilities at local, district and provincial levels; 
and 
(11) Programme management delivery systems: e.g. coordination and alignment of the 
project to existing national and provincial level health programmes (e.g. malaria, 
tuberculosis, HIV/AIDS), and future development plans. 
 
Table 1.3: Causes and effects of impact of different systems which can be assigned to ecosystem, 
social-, economic-, political- and infrastructural change 
Impacted system Cause: change induced by 
dam projects  
Impact Effect: health outcomes in the 
affected populations 
Ecosystem change 
Occupational hazards 
(construction workers) 
Accidents, pollution, noise Negative Injuries, respiratory diseases, STIs 
Creation and elimination of 
breeding sites for disease 
vectors 
Negative Malaria, arboviruses, food-borne 
trematodes, water-borne infections, 
protein deficiencies, drowning 
Destruction and creation of 
fisheries 
Positive Protein sources, irrigation for food 
production, drinking water 
Water system 
Floods Negative Drowning 
 Chemical processes due to 
decomposed biomass and 
changed water currents 
Negative Toxication through algae and solved 
compound (e.g. mercury) 
Elimination of breeding sites 
for malaria vectors 
Positive Decrease of malaria transmission and 
other forest-related diseases 
Forest 
Loss of biodiversity Negative  Loss of food sources, climatic effects, 
erosion 
Inundation area 
(reservoir) 
Destruction of food sources Negative Loss of food sources, loss of income 
Social change 
Positive Decrease of ARIs, decrease of 
diarrheal episodes, access to health 
facilities 
Population on the 
reservoir site 
Resettlement to new sites with 
new houses 
Negative Uncertainty, depression, anxiety, 
aggression, drug abuse 
Inundation area 
(reservoir) 
Loss of cultural heritage Negative Loss of social cohesion, depression, 
uncertainty 
Positive Sources of income for health 
expenditure 
Local indigenous 
population 
Influx of workers and camp 
followers 
Negative Aggression, drug abuse, social unrest 
violence, STI 
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Table 1.3 (continued) 
Economic, political and infrastructural change 
New employment 
opportunities 
Positive Overall health improvement through 
better livelihood 
Private sector 
Loss of income (agriculture) Negative Loss of income for health expenditures 
Public sector 
(health systems) 
New resources (equipment, 
staff, drugs) 
Positive Improved primary health care 
Positive Better access to health facilities Transportation Roads  
Negative Road accidents, pollution 
Positive Access to health facilities, information 
and education 
Communication Mobile communication, 
television, newspapers 
Negative Loss of social coherence 
 
Among the most harmful side-effects of dam projects is the proliferation of water-borne and 
water-related infections caused by the creation of suitable habitats for vectors and intermediate 
hosts, particularly in tropical and subtropical areas. This topic is addressed in the third part of 
this thesis.  
1.2.4 The NT2 Hydroelectric Project 
As a case study, the health situation of affected populations in the area of the NT2 hydroelectric 
project that is currently under construction in central Lao PDR was investigated. In 2001 and 
2002 two large-scale surveys collected baseline health information and socio-economic data. 
They were carried out by the Ministry of Health (MoH), the Ministry of Agriculture and 
Forestry and the NT2 Power Company (NTPC) which is building the dam. Importantly, the 
baseline health situation in dam project areas should be known, since the absence of baseline 
data does not allow public health specialists to make any predictions before implementation of 
the project and to ascertain meaningful monitoring once the project takes effect (Krzyzanowski, 
1999; Mindell et al., 2001; Hofstetter and Hammitt, 2002). Data extracted from the existing 
baseline health surveys were analysed in detail and put into relation with potential future health 
impacts due to the construction and operation of NT2. In addition, a selection of indicators that 
can be used for monitoring the performance of mitigation measures and the health programmes 
was suggested. Knowing the baseline health situation in areas where large dams are built is also 
prerequisite for the implementation of HIA, which is the topic of the following section.
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1.3 Part II - Health impact assessment 
For several decades water resources were developed and managed without due consideration of 
health issues (Lerer and Scudder, 1999; Basahi, 2000). One of the main reasons for this shortfall 
was the absence of an appropriate methodology to assess and predict potential health impacts of 
such projects (Lerer, 1999). HIA provides a methodology to tackle this issue (Phillips and 
Birley, 1996; Ratner et al., 1997). HIA aims to estimate the effects of a specified future action 
on the health of a defined population. Its development has a history of only 20-25 years (WHO, 
1980; Kemm et al., 2004). The conceptual roots of HIA lie in environmental impact assessment 
(EIA) and policy appraisal and the promotion of healthy public policy (Scott-Samuel, 1996). 
During the course of a HIA, which is relevant for projects, programmes and policies, six main 
steps are employed. First, the project is screened which implies the collection of technical, 
environmental and health-related information. The second step is scoping, followed by step 3, 
which includes risk assessment of potential impact. The first three steps form the basis for 
decision making (step 4) and, finally, implementation of mitigation and monitoring measures 
(step 5) (Fehr, 1999; Kemm et al., 2003). However, an important premise for conducting HIA 
for water resources development and management projects is sound knowledge of links and 
causalities between the project and relevant health issues that could potentially be impacted. 
The main objectives in this part are (i) to identify HIA-related publications in the peer-
reviewed literature and to stratify the documents retrieved according to the developed and 
developing world, (ii) to highlight the HIA needs in developing countries, especially in the light 
of oil and hydroelectric infrastructural projects, (iii) to identify reasons why HIA is sparcely 
performed in low- and middle-income countries, and (iv) to propose a way forward. 
1.4 Part III - Negative effects: vector-borne diseases 
There are a few examples where the connection between water-resource development and 
management and vector-borne diseases has been investigated (Ripert, 1987; Lerer and Scudder, 
1999). Some of them showed that suboptimal design and operation of dams can severely affect 
people’s health (Ripert, 1987). In Ethiopia, for example, the installation of micro-dams without 
appropriate considerations of potential health impacts resulted in a 7.3-fold increase of malaria 
incidence, particularly in young children (Ghebreyesus et al., 1999). In Senegal, the Senegal 
Valley Authority missed to put health as an integral part of planning for the Diama and 
Manantali dams as a consequence. Epidemics of Rift Valley fever and malaria jeopardised the 
project’s usefulness (Sow et al., 2002). Another example of suboptimal operation comes from 
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northern Ghana. The change of water flow from slow to rapid by the building of dam-spillways 
created an ecological niche for the black flies (Simulium) which transmits Onchocerca volvulus 
the causative agent of onchocerciasis (river blindness) (Burton and McRae, 1965). 
However, besides all the advantages that come along with water resources development 
projects, there were also reports about positive impacts on the transmission of vector-borne 
diseases. In order to meet the increasing demands for food, many large-scale irrigation projects 
were built in the past. Against the odds that such schemes are aggravating vector-borne diseases 
in local communities, there is growing evidence that for many sites in sub-Saharan Africa there 
is less malaria in irrigated communities than in surrounding areas without irrigated agriculture. 
The reason for this phenomenon is not completely resolved but it can partly be attributed to 
changes in endophilic and anthropophilic malaria vector compositions, such as Anopheles 
arabiensis replacing An. funestus in rice-fields. There are also suggestions that communities 
near irrigation schemes benefit from the greater wealth created by these projects. A part of 
additional income is used for buying bed nets and seeking professional healthcare (Surtees, 
1970; Snow, 1983; Service, 1984; 1989; Ijumba and Lindsay, 2001). 
1.4.1 Disease burden attributable to water resources development and management 
In connection with water resources development and management projects and their linkage to 
vector-borne diseases three fundamental questions were asked. 
1.) Causality of impact: What component of water-related environmental change does 
impact on which part of the life cycle of a disease? 
2.) Site, time, magnitude and quality of impact: Where (spatially), when (temporally), how 
much (quantitatively) does impact occur and is it positive or negative (qualitatively)? 
3.) Control: How can positive effects due to water-related environmental changes be 
enhanced and negative ones mitigated? 
In order to strengthen the evidence-base in support of decision-making on different intervention 
options for vector-borne disease prevention and control in the context of water resources 
development and management, a research project, commissioned by the World Health 
Organization (WHO) was conducted by researchers of the Swiss Tropical Institute. Systematic 
literature reviews on the association between water resources development projects and the 
burden of four vector-borne diseases were carried out. Malaria, schistosomiasis, lymphatic 
filariasis and Japanese encephalitits were the selected diseases. Outcomes of the malaria (Keiser 
et al., 2005a) and schistosomiasis (Steinmann et al., 2006) studies have been published. 
Introduction 
11 
Lymphatic filariasis and Japanese encephlitis are subject of this thesis. In the following section, 
key features of lymphatic filariasis and Japanese encephalitis are summarised. 
1.4.2 Lymphatic filariasis 
Lymphatic filariasis is caused by the three filaria (Spirurida: Onchocercidae) species 
Wuchereria bancrofti, Brugia malayi, and B. timori, with > 90% of cases attributable to W. 
bancrofti. Transmission occurs through various mosquito species, primarily Culex and 
Anopheles. Aedes, Mansonia and Ochlerotatus are of lesser importance. 
 
Figure 1.3: The life cycle of lymphatic filariasis (Source: The New York Times, 2006) 
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Infection occurs during a blood-meal of the vector. Thereby the filaria larvae leave the 
mandibles of the mosquito and enter the wound. The larvae migrate to the lymphatic organs 
where they mature and mate. Female worms produce microfilariae which enter the blood stream 
during the night. The microfilariae are ingested again by a vector. During one week they 
develop into infective larvae (Figure 1.3). This chronic parasitic disease is of great public health 
and socioeconomic significance and is currently endemic in 80 countries/territories of the world 
(WHO, 2001). More than 60% of all lymphatic filariasis infections are concentrated in Asia and 
the Pacific region, where Culex is the predominant vector. In Africa, where an estimated 37% of 
all infections occur, Anopheles is the key vector. Detailed information on the geographical 
distribution is presented in Figure 1.4. About 120 million people are infected (Table 1.4). 
 
Figure 1.4: Countries endemic for lymphatic filariasis (Source: World Health Organization) 
 
At present, the global burden of lymphatic filariasis is estimated at 5.78 million disability-
adjusted life years (DALYs) lost annually (WHO, 2004). Clinical manifestations range from 
filarial fevers, lymphangitis, lymphatic obstruction and tropical pulmonary eosinophilia. 
Lymphatic filariasis accounts also for serious disfiguration and incapacitation of the extremities 
and the genitals known as elephantiasis and causes hidden internal damage to lymphatic and 
renal systems. Disease, disability, and disfiguration are responsible for a loss of worker 
productivity, significant treatment costs, and social stigma. The definitive parasitologic 
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diagnosis is based on the demonstration of microfilaria in Giemsa-stained blood samples 
collected between 10 pm and 2 am. 
The current mainstay for lymphatic filariasis control is mass-drug administration. The 
Global Alliance to Eliminate Lymphatic Filariasis (GAELF) is currently mass-treating people in 
endemic areas using albendazole plus either ivermectin or diethylcarbamazine (DEC). In 2004, 
250 million people were treated in 39 countries (GAELF, 2006). Rigorous hygiene to the 
affected extremities, with accompanying adjunctive measures to minimise superinfection and 
promote lymph flow are the main treatments for individuals with chronic infection. These 
measures can result in a dramatic reduction in frequency of acute episodes of inflammation 
(‘filarial fevers’) and in improvement of the swelling itself. 
1.4.3 Japanese encephalitis 
Japanese encephalitis is a vector-borne disease caused by the Japanese encephalitis virus which 
is a member of the family Flaviviridae. The principal vector of Japanese encephalitis is Culex 
tritaeniorhynchus (Diptera: Culicidae). As showed by Figure 1.5 water-birds such as herons and 
egrets act as reservoirs and pigs as reservoirs and amplifying hosts. The virus is transmitted to 
humans during a blood-meal of an infective vector. The virus replicates in humans and can enter 
the blood-brain barrier where it causes encephalitis. Young children are particularly vulnerable 
to severe disease and often suffer morbid sequela. The vectors are infected by ingesting blood 
from infected water-birds, pigs or humans.  
 
Figure 1.5: Contextual determinants and transmission of Japanese encephalitis 
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In the mosquito the virus replicates and infects the salivary glands. Recently, intensified 
transmission has been observed most likely due to an expansion of irrigated agriculture and pig 
husbandry, as well as changing climatic 
factors. Water resources development and 
management, in particular flooded rice 
production systems, are considered among the 
chief causes for several Japanese encephalitis 
outbreaks (Crump, 1989). 
     Figure 1.6 shows the global distribution of 
Japanese encephalitis. The great majority of 
cases and death occur in South-East Asia and 
the Western Pacific. As showed in Table 1.4, 
the annual incidence and mortality estimates 
for Japanese encephalitis are 30,000–50,000 
and 10,000, respectively (Solomon et al., 
2000). In 2002, the estimated global burden of Japanese encephalitis was 709,000 DALYs lost 
(WHO, 2004). The virus can be diagnosed indirectly by enzyme-linked immunosorbent assay 
(ELISA) or directly post-mortem by cultivating virus extracted from the brain in cell-cultures. 
The treatment concentrates on supporting vital functions and on anti-inflammation measures. 
Current Japanese encephalitis licensed vaccines include an inactivated vaccine derived from 
mouse brain, a vero cell-derived inactivated vaccine, and a live attenuated SA14-14-2 vaccine 
cultivated in hamster kidney cells (Pugachev et al., 2005). There are also several other vaccines 
produced and used locally in a number of countries. Vector control is difficult as the breeding 
sites (irrigated rice fields) are extensive. Chemical control may be applied during outbreaks. In 
some rice production systems, intermittent irrigation can reduce vector populations. 
Conurrently, this strategy saves water (Keiser et al., 2002). 
1.5 Part IV - Effectiveness of dengue vector control 
Dengue is transmitted mainly by the mosquito Aedes aegypti and Ae. albopictus (Diptera: 
Culicidea) which has its original natural habitat in forests and grassland. Ae. aegypti is a diurnal 
vector that feeds on fruits but requires blood for egg-production. Eggs are laid on surfaces of 
freshwater bodies. The insect has three larval and one pupal stage. It has adapted to 
anthropogenic environments (hemerophilic species) and breeds predominantly in water storage 
containers, roof gutters, tyres, and rainwater-filled waste (e.g. tins, bottles) around human 
Figure 1.6: Distribution of Japanese encephalitis in 
Asia, 1970–1998. (Source Centers for Disease 
Control and Prevention, CDC, 2007) 
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settlements. In Africa, it also breeds extensively in natural habitats such as tree holes and leaf 
axils. Ae. aegypti is also transmitting various other viruses such as the Chikungunya virus, Ross 
River virus, equine encephalitis virus, yellow fever virus or Rift Valley fever virus (Gubler, 
1981; Flick and Bouloy, 2005; Bodenmann and Genton, 2006; Barrett and Higgs, 2007). 
Dengue is the most important arboviral disease. The virus is a member of the Flaviviridae 
family and has four serotypes. The virus is transmitted during a blood-meal of the vector, where 
it is inoculated toghether with the coagulation inhibiting saliva. After virus incubation that lasts 
8-10 days, an infected mosquito can transmit the virus for the rest of its life. The virus may also 
be transmitted via the eggs (transovarial) from female mosquitos to their offspring. Humans are 
the main amplifying host of the virus. Some investigations suggest that monkeys may serve as a 
source of virus for uninfected mosquitoes. The virus circulates in the bloodstream for 2-7 days, 
at approximately the same time as fever occurs. Aedes mosquitoes may acquire the virus when 
they feed on an individual during this period (WHO, 2006b). 
Dengue is found predominantly in urban and semi-urban areas of tropical and sub-tropical 
regions. Figure 1.7 shows the global distribution of Ae. aegypti and dengue. The disease is now 
endemic in more than 100 countries in Africa, the Americas, the Eastern Mediterranean, South-
east Asia and the Western Pacific, whereas the latter two regions are most severely affected. The 
spread of dengue can be attributed to expanding geographic distribution of the four dengue 
serotypes by exponentially growing international travelling, trans-continental transportation of 
goods (e.g. used tires) and the rapid rise of urban populations, especially in areas where 
household water storage is common and where solid waste disposal services are inadequate.  
Today, 2.5 billion people are at risk from dengue and WHO estimates that there may be 50–100 
million cases of dengue infection worldwide every year with up to 500,000 resulting in Dengue 
haemorrhagic fever (DHF) and dengue shock syndrome (DSS). An estimated 19,000 deaths are 
attributable to dengue each year, mainly children (Table 1.4). The estimated global burden of 
dengue is 616,000 DALYs, with over 60% concentrated in South-east Asia (WHO, 2004). 
The global prevalence of dengue has grown considerably over the past decades and has 
become a major international public health concern. DHF, a potentially lethal complication, was 
first recognized in the 1950s during the dengue epidemics in the Philippines and Thailand. 
Today, it has become a leading cause of hospitalisation and death among children in Asia and 
the Americas. Recovery from infection by one serotype provides immunity but confers only 
partial and transient protection against subsequent infection by the other three serotypes. There 
is strong evidence that sequential infection increases the risk of more serious disease resulting in 
DHF.  
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The clinical picture of dengue fever varies according to age. Children under 5 years often 
have a non-specific febrile illness with rash. Older children and adults may have classical 
incapacitating disease characterised by high fever, febrile convulsions, facial flush, rash, severe 
headache, eye, muscle and joint pains, and may have either or a mild febrile syndrome. 
There is no drug treatment or vaccine for dengue fever. Clinical management by 
appropriate intensive supportive therapy can reduce mortality to less than 1%, whereas 
maintaining the circulating fluid volume is the central feature. At present, combating the vector 
mosquitoes is the mainstay for controlling or preventing dengue and DHF (WHO, 1997). There 
are five different vector control methods; (i) chemical control using insecticides that are sprayed 
or added to the water of breeding-sites; (ii) biological control (e.g. introduction of larvivorous 
organisms such as fish, copepods and insect larvae into water containers); (iii) the release of 
transgenic vectors (aims at replacing the wild type vector population with one that has a reduced 
capacity to transmit and reproduce); (iv) environmental management (e.g. source reduction, 
provision of safe water and reduction of human-vector contact); and (v) integrated measures that 
combine environmental management with either biological or chemical control. Table 1.4 shows 
the main epidemiologic features of lymphatic filariasis, Japanese encephalitis and dengue. 
Figure 1.7: Global distribution of Aedes aegypti (dark and light shaded) and dengue fever (dark shaded)
(Source: World Health Organization, WHO, 2006b) 
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Table 1.4: Main epidemiological features of lymphatic filariasis, Japanese encephalitis and dengue 
 Lymphatic filariasis Japanese encephalitis Dengue 
Number of new infections 120 milliona 30,000–50,000c 50-100 million 
Number of deaths Unknownb 10,000 19,000 
Burden (in DALYs) 5,780,000 709,000 616,000 
Main vector Culex quinquefasciatus, 
Anopheles gambiae 
Cx. tritaeniorhynchus Aedes aegypti, 
Ae. albopictus 
Causing agent Nematode (3 species) Flavivirus Flavivirus 
Drugs Yes No No 
Vaccine No Yes No 
Current control strategy Drug mass administration  Vaccination Vector control 
a For lymphatic filariasis the number of infected people (prevalence) is given 
b Fatalities directly caused by lymphatic filariasis are rare 
c Many more non-severe episodes might occur unspecified 
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2. Goal and objectives 
 
Goal 
To strengthen and expand the current evidence-base of health effects due to water resources 
development and management projects with an emphasis on water-associated human diseases, 
and to analyse the role of health impact assessment as a tool for mitigating negative and 
enhancing positive health effects. 
 
 
Objectives 
 (i) To analyse and interpret two large-scale baseline health and socio-economic surveys 
conducted in the area of the Nam Theun 2 in Lao People’s Democratic Republic, and to propose 
indicators for monitoring. 
 
(ii) To systematically review the literature related to health impact assessment with a special 
focus on large infrastructure development projects in the developing world. 
 
(iii) To strengthen and expand the current evidence-base of impacts on lymphatic filariasis and 
Japanese encephalitis caused by water resources development and management projects, 
including an update on populations at risk and evaluating the effect of different vector control 
interventions. 
  
(iv) To systematically review the effectiveness of different dengue vector control interventions 
in the developing world, and to compare outcomes of different control methods by means of 
meta-analysis.
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3.1 Abstract 
Hydroelectric projects offer opportunities for infrastructure development and economic growth; 
yet, if not well designed, implemented and operated, they have the potential to negatively affect 
health and wellbeing of local and distant downstream communities. Remote rural populations 
are particularly vulnerable to the sudden influx of men, materials and money, and associated 
population mixing that accompany project construction phases. Two large-scale baseline health 
surveys, carried out in 2001/2002 in two communities that are affected by the Nam Theun 2 
hydroelectric project in central Lao PDR, were analysed. For the population to be resettled on 
the Nakai plateau it was observed that access to clean water and basic sanitation facilities was 
lacking. Faecal examinations revealed a high infection prevalence for Ascaris lumbricoides 
(67.7%), but relatively low prevalences for hookworm (9.7%), Taenia spp. (4.8%), Enterobius 
vermicularis (4.4%), Trichuris trichiura (3.9%), Strongyloides stercoralis (1.4%) and 
Opisthorchis viverrini (0.9%). For the population in the Xe Bang Fai downstream area, rapid 
diagnostic tests for malaria carried out in the rainy season found a prevalence below 1%, which 
might be explained by the complete coverage of households with insecticide-treated nets 
(99.8%). Anthropometric measurements in both populations suggest that wasting, stunting and 
underweight in under-5 year-old children were moderate to high; 15.9-17.5%, 40.4-55.7% and 
35.8-55.7%, respectively. One out of six individuals aged above 14 years were malnourished, 
most likely as a result of early childhood wasting. Moderate anaemia, assessed by age- and sex-
specific haemoglobin levels, was present in 43.8% (Nakai) and 54.9% of the individuals 
examined (Xe Bang Fai). Several indicators were extracted that can be utilised for monitoring 
changes in health, well-being and equity, as the project is implemented and operated. 
 
Keywords: Hydroelectric project, development, health indicator, intestinal parasites, malaria, 
anaemia, malnutrition, water and sanitation, health impact assessment, Lao PDR 
3.2 Introduction 
To achieve internationally set targets for the year 2015, such as eradicating hunger and halving 
the number of people without access to safe water and sanitation – embodied in the millennium 
development goals (MDGs) – progress is needed in the developing world (UN, 2007). Lao PDR, 
for example, after decades of political and economic isolation and episodes of war, remains one 
of the poorest countries in Southeast Asia (UNDP, 2007). Common health indicators such as 
expenditure for health per person per annum (US$ 11 in 2003), under-5 mortality rate (83 per 
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1000) or life expectancy at birth (59 years in 2004) are among the lowest in the world (WHO, 
2006). The estimated maternal mortality ratio in 2005 for Lao PDR was 405/100,000 live births, 
one of the highest in the region (Government of Lao PDR [GoL], 2006). 
GoL and development banks view the exploitation of hydroelectric power as a crucial step 
to achieve the country’s development goals (GoL, 2007). Therefore, the government is 
committed to build hydroelectric projects; 17 dams are currently projected for Lao PDR with a 
potential capacity of 5100 MW. A prominent example is the Nam Theun 2 hydroelectric project 
in the central part of the country. It is one of the largest infrastructure development projects in 
Southeast Asia. The operator is the Nam Theun 2 Power Company (NTPC) and the project is 
primarily financed through international loans (~70% of total US$ 1.45 billion). In early 2005, 
after a more than 10 years preparatory phase, the project was approved and financial close was 
set. Major construction works are currently under way and according to NTPC’s business plan, 
the construction will be completed by 2009. Annual revenues for Lao PDR are estimated to be 
US$ 80 million; part of these revenues will be allocated to poverty alleviation purposes and 
long-term protection of the Nam Theun watershed (World Bank, 2007). 
Despite promising economic perspectives, large hydroelectric projects can adversely affect 
local populations and ecosystems because ecologic, economic and social determinants of health 
are altered. Whole landscapes are invariably changed with subsequent alterations in the 
transmission of parasitic diseases, since life cycles are closely linked to the environment. 
Microeconomic shifts, such as changes in household income, directly and indirectly impact 
health and quality of life at both household and community level. In many instances, significant 
numbers of people have to be resettled, which can cause social disruption and conflict and result 
in changes in livelihood. Reservoirs can create suitable habitats for snails that act as 
intermediate hosts for food-borne trematodiasis and schistosomiasis (Keiser and Utzinger, 2005; 
Steinmann et al., 2006) and vectors that transmit malaria, Japanese encephalitis and lymphatic 
filariasis (Erlanger et al., 2005; Keiser et al., 2005a; Keiser et al., 2005b). The enhanced access 
and subsequent influx of new residents and temporary labour force to construction sites can alter 
the frequency and transmission dynamics of sexually-transmitted infections (STIs), including 
HIV/AIDS (Krieger et al., 2004b). Therefore, planning, construction and operation phases 
should incorporate sound mitigation strategies and rigorous surveillance to protect local 
populations and the environment from potential adverse effects (Lerer and Scudder, 1999; 
World Commission on Dams [WCD], 2000). 
Health impact assessment (HIA) is a powerful approach to predict potential health 
impacts, so that mitigation measures can be implemented (Lerer, 1999; Kemm et al., 2003; 
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Mercier, 2003). The World Health Organization (WHO) defines HIA as a combination of 
procedures, methods and tools by which a project, programme or policy may be judged as to its 
potential effects on the health of a population, and the distribution of those effects within the 
population (Scott-Samuel, 1996; WHO, 1999). An initial step of a HIA is to collate baseline 
data, with an emphasis on identifying – both quantitatively and qualitatively – health problems 
which are crucial for prioritising mitigation measures (Lerer, 1999). Baseline health data, in 
turn, provide a benchmark for monitoring changes over time in the intervention area. 
The purpose of this study was to analyse two large-scale baseline health surveys carried 
out among populations living on the Nakai plateau and the Xe Bang Fai (XBF) downstream area 
of the Nam Theun 2 hydroelectric project. These populations will be affected during the 
construction and operation phases, with predicted project impacts varying in terms of nature and 
extent, both spatially and temporally. An additional aim was to identify indicators that can be 
utilised for monitoring changes in health, wellbeing and equity over the course of project life, 
and assess their value in the broad context of HIA methods and procedures (Falkingham and 
Namazie, 2002). 
3.3 Materials and methods 
3.3.1 The Nam Theun 2 hydroelectric project 
Figure 3.1 shows the area, including major construction features of the Nam Theun 2 
hydroelectric project. It is located in the provinces of Khammouane and Borikhamsay, central 
Lao PDR. After a 10-year planning phase, environmental and social safeguard studies were 
completed in 1997. They comprised of surveys for malaria vectors and aquatic snails that may 
act as intermediate hosts for parasitic trematode infections (NTPC, 1997). Anthropological 
surveys were conducted to clarify issues of ethnicity and cultural habits and beliefs. 
Environmental studies focused on ecosystem change and land-use patterns (NTPC, 2002). The 
results of these studies were summarised in the HIA that was completed in early 2004 (Krieger 
et al., 2004a). An important shortcoming emphasised in the HIA was the lack of a detailed 
analysis of two large-scale baseline health surveys carried out in 2001/2002. To fill this gap, 
these surveys have been analysed as detailed in section 3.3.3. In 2005, the Nam Theun 2 
hydroelectric project was approved by the World Bank and construction work commenced. 
According to the operator’s business plan, construction of a dam across the Nam Theun 
will be completed in 2009 and create a 450 km2 reservoir on the Nakai plateau. For maximum 
power generation water will be released opposite the dam using a vertical drop of approximately 
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350 m before it reaches the powerhouse. Water will then be discharged into the XBF river. From 
2010 onwards, 1083 MW of electric energy will be generated and more than 90% is planned to 
be exported to Thailand through a double circuit 500 kV transmission line. 
 
Figure 3.1: Location of the Nam Theun 2 hydroelectric project and the Nakai and Xe Bang Fai study areas  
in Lao PDR 
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3.3.2 Framework and environmental health areas 
In a first step, we developed a framework with an attempt to define potential health impacts that 
are either caused by the Nam Theun 2 hydroelectric project and national (internal) activities or 
by external factors such as globalisation. Further, a distinction has been made between direct 
and indirect health impacts caused by the project. 
A concept was adopted which is based on an environmental health approach suggested by 
the World Bank and further developed within the above-mentioned HIA (Krieger et al., 2004a). 
The main thrust of this body of work is to capture major health issues that are relevant for large 
infrastructure development projects in general and the Nam Theun 2 hydroelectric project in 
particular. Health issues were stratified into broadly defined ‘environmental health areas’ 
(EHAs), which are derived from four key environmental sub-sectors, namely (i) housing, (ii) 
water, sanitation and food, (iii) transportation, and (iv) communication and information (Listori 
and Doumani, 2001; Krieger et al., 2004a). Unlike common biomedical concepts of public 
health that tend to focus on disease-specific considerations, our approach is an integrated 
analysis that considers the broader health linkages across both the environmental and social 
aspects of a project. A significant benefit of this strategy is an emphasis on primary prevention 
through identification of cross-cutting health impacts and mitigation of adverse environmental 
and social conditions that contain significant health components. Overall, 10 EHAs were 
selected, including one area pertaining to health systems, as summarised in Table 3.1. 
3.3.3 Baseline health surveys 
Two large-scale surveys were carried out by NTPC, the Ministry of Health (MoH), and Lao 
institutions to collect baseline health information. 
The first survey was conducted on the Nakai plateau between November 2001 and September 
2002 (Figure 3.1). In this area the reservoir will be created and an estimated 6000 people will 
have to move to newly created villages. By mid-2007, more than half were already resettled and 
complete resettlement will be achieved by early 2008. The Nakai plateau is a remote forested 
area at an altitude of 530 m and is populated by the Lao Theung (slope dwellers) ethnic groups. 
The survey, designated ‘Nakai survey’, included 864 households with a total of 5107 inhabitants 
in 17 villages. 
The second survey was carried out in the riparian villages of the XBF downstream area. It 
is designated ‘XBF survey’ (Figure 3.1). People in this area will be affected by elevated water 
levels in the XBF due to water releases stored in the lake, by the construction of canals, roads 
and power lines, and by the influx of labour force. The XBF riparian area is more densely 
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populated, less forested and there are distinct differences in the climate, ecosystem and geology 
compared to the Nakai plateau. The populations of the XBF area belong to the Lao Loum 
(lowland dwellers) ethnic groups. Residents in the XBF area, on average, have a higher socio-
economic status that those living on the Nakai plateau. The XBF survey was carried out between 
June and August 2001, enrolling more than 10,000 individuals from 1680 randomly selected 
households in 112 villages. 
 
Table 3.1: Appraisal of baseline health information considered as essential, available for the Nam Theun 2 
Hydroelectric Project and usefulness for extracting of health indicators (n.i.: no information) 
Environmental 
health areas 
 Baseline health information 
No. Description  Considered 
as essential 
high: +++ 
medium: ++ 
low: + 
Available Appraisal of usefulness  
and how it is being 
addressed 
1 Respiratory 
diseases 
 ++ Self-reported signs of ill health, 
physical examination* 
Not usable (lacks specificity) 
2 Vector-related 
diseases 
 +++ Malaria and mosquito net usage Malaria prevalence, bed nets 
3 Sexually-
transmitted 
infections 
 +++ Self-reported signs of ill health, 
physical-, and urine examination* 
Not usable (lacks specificity) 
4 Soil- and 
water-borne 
diseases 
 +++ Helminths and protozoa infection, 
diarrhoea episodes, and water and 
sanitation facilities 
Frequency of diarrhoea, 
access to clean water and 
sanitation 
5 Food- and 
nutrition-
related 
diseases 
 +++ Helminths and protozoa infection, 
malnutrition, diarrhoea, anaemia, 
physical-, and urine examination 
Helminth and protozoa 
infection, malnutrition, 
diarrhoea and anaemia 
6 Accidents and 
injuries 
 ++ Physical examination* Not usable (lacks specificity) 
7 Exposure to 
potentially 
hazardous 
materials 
 + n.i. Environment monitoring from 
the Nam Theun 2 hydroelectric 
project and reporting form 
health facilities 
8 Causes of 
psychosocial 
disorder 
 +++ n.i.** Use of proxy indicators like 
consumption of alcohol and 
associated violence, drug 
abuse, suicides and the like 
 
9 Cultural health 
practices 
 +++ n.i.*** 
 
 
10 Health 
systems 
 ++ Health seeking behaviour Frequency and kind of health 
facility visited 
* Routine data collection from health facilities is also available. 
** Focus group discussions with the resettled population are planned. 
*** A study, carried out by NTPC, collected a wide variety of information about nutritional problems related to 
cultural practices both among mothers and children under 5 years. 
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At the household level, demographic factors, sanitation infrastructure and sources of food and 
water were gathered. It is noteworthy that access to and type of water source are significant 
household level health determinants. On the individual level, data collection included nutritional 
status, food habits, symptoms of ill-health, malaria, intestinal parasites and physical status. 
Questionnaires were employed in both surveys, with heads of households being interviewed. 
Physical examinations and microscopic analysis of faecal and urine samples were performed 
only in the Nakai survey. 
3.3.4 Field and laboratory procedures 
Approximately one-third of the study populations in Nakai and XBF were randomly selected 
and tested for Plasmodium falciparum malaria, using a rapid diagnostic test (Paracheck Pf™ 
dipstick). Haemoglobin levels (Hb) were assessed in 3305 individuals (64.7%) in the Nakai and 
1940 individuals (19.3%) in the XBF survey. The Hb level served as a proxy for anaemia. This 
was done by using a HemocueTM haemoglobin testing kit. Cut-off for ‘severely anaemic’ was Hb 
< 7 g/dl. ‘Moderately anaemic’ were children under the age of 6 years with a Hb between 7 and 
11 g/dl, children aged 6-11 years with Hb 7-11.5 g/dl, children aged 12-14 years and women 
above 14 years with Hb 7-12 g/dl, and males older than 15 years with Hb 7-13 g/dl. These levels 
mirror the practice and procedure of the Demographic Health Surveys (DHS) and allow for 
cross-country comparisons. 
In the Nakai survey, faecal samples were collected from 2332 individuals (45.7%), 
processed by a formalin-ether sedimentation technique and examined under a light microscope 
for helminths and intestinal protozoa. 
Urine samples of 701 individuals (13.7%) from Nakai were tested for proteinuria, 
haematuria and glycosuria, using reagent strips. Finally, heart, lungs, abdomen, joints, eyes, ears 
and skin of all study participants of the Nakai survey were examined in a routine medical check-
up by Lao medical doctors. 
3.3.5 Statistical analysis and anthropometric indicators 
Data from questionnaires and clinical/parasitological surveys were entered into a Microsoft 
Access databases by the Lao PDR National Statistical Centre. Quality was appraised by cross-
checking electronic databases with the original questionnaires. Databases were then converted to 
STATA version 8.2 (StataCorp, College Station, USA) and analysed. 
Nutritional status was assessed by anthropometry. The body mass index (BMI) of 2396 
individuals aged 15 years and above in Nakai (46.9%) and 1036 in XBF (10.3%) was calculated 
by dividing body weight (in kg) by the square of height (in m). Individuals were defined as (i) 
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malnourished if their BMI was below 18.5, (ii) overweight for BMI 25-29.9, and (iii) obese for 
BMI above 29.9. Three types of malnutrition indicators were applied for children below the age 
of 60 months, namely Z-scores for weight for height (wasting), weight for age (underweight) 
and height for age (stunting) according to WHO (WHO, 1995). Children were defined as 
malnourished if the Z-score of weight for height, weight for age or height for age was < -2. 
3.4 Results 
3.4.1 Potential health impacts 
Figure 3.2 conceptualises potential health impacts that are related to the Nam Theun 2 
hydroelectric project. External health impacts can occur through foreign development 
interventions, dynamics of international economies and globalisation. Health impacts can also 
be caused internally due to ecological transformations and the public health action plan set forth 
by the project’s operator and national health and development programmes. Internal health 
impacts can be exerted directly through ecosystem transformation, induced access, resettlement 
and the strengthening of health systems or indirectly by changes in people’s socio-economic 
status and socio-cultural behaviour. Large infrastructure projects create an influx of men, 
money, materials and mixing. Projected health impacts are largely a consequence of this 
interaction across limited space and time frames (Krieger et al., 2004a). 
3.4.2 Available health information 
The two baseline surveys collected a wealth of data pertaining to malaria (e.g. infection rate, bed 
net coverage; EHA 2), water sources used and access to sanitation facilities, as well as intestinal 
parasite infection (EHA 4), anthropometry and haemoglobin levels (EHA 5). Findings about 
patterns of health seeking behaviour, which were broadly assigned to cultural health practice 
(EHA 9) and health systems (EHA 10) are of a different thematic nature. Health outcome 
indicators are usually obtained from vital statistics kept at hospital and health facilities, which 
are under the capacity building programme of the Nam Theun 2 health programme. Outcomes of 
urine analyses and physical examinations form a part of this source and are not considered here. 
Unlike issues covered under EHAs 1-8, information in EHAs 9 and 10 do not address ill-health 
or risk factors, but rather health service delivery and infrastructure. 
As presented in Table 3.1, the design of the baseline survey did not allow obtaining data 
on exposure to potentially hazardous materials (EHA 7), psychosocial issues (EHA 8), and 
cultural health practice (EHA 9). The table provides some alternative sources of obtaining data 
for these EHAs. This survey was not designed to collect information on respiratory diseases 
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(EHA 1), STIs including HIV/AIDS (EHA 3), as well as accidents and injuries (EHA 6). This 
information was expected to be obtained from routinely collected data from health facilities, 
which is an essential aspect of the capacity building in the public health action plan 
implemented by the project. 
 
Figure 3.2: Interrelation between the Nam Theun 2 hydroelectric project, socio-economic status and health 
of the affected population. Factors outside the circle are considered ‘external’ and factors within the circle 
‘internal’. Arrows indicate the direction of impact, (+) indicates favourable and (-) adverse impact 
Health and 
well-being
Nam Theun 2 
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Socio-
economic 
status
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• Infrastructure 
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• Development 
programmes (+)
• Labour & local 
business (+)
• Disease burden (-)
• Treatment costs (-)
• Increased ability & productivity (+)
• Increased health expenditure (+)
• Better food quality (+)
• Improved housing (+)
• Clean water & sanitation (+)• Mass-treatment (+)
• Infrastructure 
improvement (+)
• Health education (+)
• Revenues (+)
• Dept payback (-)
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investment (+)
• Development 
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• Infrastructure 
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3.4.3 Malaria and bed nets usage 
In Nakai, 17 out of 1554 individuals tested positive for P. falciparum antibodies (1.1%). The 
majority of the positive cases (n = 14) were diagnosed in the rainy season (September 2002). 
Among them, only three reported that they spent time in the forest 12 months prior to the 
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examination. Forest is the key ecological setting where malaria transmission occurs in Lao PDR 
(Toma et al., 2002). Eight of the positive cases were from the same household, with all 
household members found infected. The head of this household reported to have five mosquito 
nets, two of which were impregnated. 
Among 1945 individuals examined in XBF, only one tested positive for malaria during the 
survey carried out in the rainy season (July/August 2001). 
Table 3.2 summarises the findings of availability, treatment of nets with insecticides and 
usage of mosquito nets either at home or when time is spent in the forest. There was almost 
complete coverage with mosquito nets in Nakai and XBF (99.8%). This is a direct result of the 
Mekong Malaria Programme carried out between 1998 and 2002 (Trung et al., 2005). The 
percentage of treated nets was significantly higher in Nakai when compared to XBF (68.2% vs. 
26.0%; χ2 = 20.2; p < 0.0001). Meanwhile, according to the MoH, the national average of 
treated nets was 22.2%. The majority of nets were impregnated 6 months prior to the survey, 
with a considerably higher percentage in XBF (81.1%) than in Nakai (55.3%). Net usage in the 
forest was significantly higher in the XBF area than in Nakai (92.2% vs. 50.4%; χ2 = 23.8; p < 
0.0001). For comparison, the national average was estimated at 44.7%. 
 
Table 3.2: Mosquito net coverage and use, and insecticide-treated nets (ITNs) in households 
in the Nakai and XBF study areas. For comparison, national estimates are given 
 Nakai XBF National* 
Mosquito net coverage and treatment of nets (in %) (n = 823) (n = 1657) (n = 38,260) 
 Households with ≥ 1 net 99.8 99.8 92 
 Households with ≥ 1 ITN 82.5 41.8 n.a. 
 ITNs as a fraction of all nets 68.2 26.0 22.2 
 ITNs impregnated ≤ 6 months ago 55.3 81.1 43.9 
Mosquito net use in the forest (in %) (n = 4983) (n = 9445) (n = 38,260) 
 People who regularly stay in the forest 39.7 22.5 17.4 
 People who regularly use mosquito nets in the forest 50.4 92.2 44.7 
 People who irregularly use mosquito net in the forest 19.2 3.3 14.9 
* Source: Report on the Health Status of the People in Lao PDR, 2001   
 
3.4.4 Water and sanitation facilities 
Table 3.3 shows the different sources of water used and the availability of sanitation facilities as 
of 2001/2002. On the Nakai plateau 94.0% of the households lacked any kind of latrines and 
water was obtained primarily from unsafe sources (91.5%). 
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In the XBF area, 19.9% of the households had either a ‘pour flush toilet’ or simple latrines, 
which is about half of the national average (37.2%). Access to safe water was reported by 37.0% 
of the households, which is about 15% below the estimated national average. 
 
Table 3.3: Availability of water sources and sanitation facilities in households on 
the Nakai plateau and in the XBF riparian areas. For comparison, national estimates 
are given 
 Nakai XBF  National* 
Availability of sanitation 
facility in household (in %) 
(n = 816) (n = 1652) (n = 6449) 
 Traditional pit latrine 2.2 3.4 9.0 
 Pour flush toilet 1.6 16.5 27.2 
 Flush to sewage 0.1 0.3 1.0 
 Other 2.1 0.1 0.1 
 No facilities 94.0 79.7 62.7 
Availability of safe water 
sources in household (in %) 
(n = 856) (n = 1146) (n = 6449) 
 Safe    
    Public tap 1.8 0.5 3.2 
    Piped into dwelling/yard 0.3 0.3 12.3 
    Tube well 5.1 15.8 16.2 
    Protected dug / well 1.2 6.6 9.7 
    Rain water 0  12.7 0.1 
    Other 0.1 1.1 10.6 
 Unsafe 
    River or pond 57.0 42.3 22.2 
    Unprotected well 34.5 19.3 16.5 
    Other 0 1.4 9.2 
 Unsafe total  91.5 63.0 47.9 
* Source: Report on the Health Status of the People in Lao PDR, 2001  
 
3.4.5 Intestinal parasites 
Approximately three-quarters of the individuals examined in the Nakai survey were infected 
with an intestinal parasite; 20% and 1.4% of the individuals had a double or triple infection, 
respectively. Table 3.4 shows that Ascaris lumbricoides was the predominant soil-transmitted 
helminth (67.7%). Relatively low prevalences were found for hookworm (9.7%), Taenia spp. 
(4.8%), Enterobius vermicularis (4.4%), Trichuris trichiura (3.9%), Strongyloides stercoralis 
(1.4%) and Opisthorchis viverrini (0.9%). 
Interviews about common cooking and eating habits revealed that in Nakai consumption of 
uncooked fish, raw dark green and yellow vegetables, and raw meat is practiced by 30.8%, 
46.7% and 53.3%, respectively. In XBF respective percentages were 19.3%, 48.0% and 30.1%. 
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Table 3.4: Percentages of helminth and intestinal protozoa infections in the Nakai study population, stratified 
by sex and age (n = 5107) 
 Helminths Intestinal 
protozoa 
 Nematodes Tapeworms Trematodes Flagellates 
 Ascaris 
lumbri-
coides 
Hook-
worm 
Trichuris 
trichiura 
Enter-
obius 
vermi-
cularis 
Strongy-
loides 
stercoralis
Taenia spp. Opisthorchis 
viverrini 
Giardia 
lamblia 
Prevalence in % 
 Males 69.3 8.6 3.4 4.7 1.4 3.6 1.0 0.8 
 Female 66.3 10.7 4.5 4.2 1.5 5.9 0.7 1.1 
 < 6 years 67.5 8.6 4.1 6.3 1.2 4.3 1.0 0.7 
 6-14 years 73.9 8.2 4.4 5.1 1.0 4.4 0.8 1.0 
 15-29 years 65.4 7.7 2.9 4.1 1.8 6.4  1.1 0.9 
 30-59 years 55.2 13.1 4.5 3.2 1.7 4.3  0.8 1.2 
 ≥ 60 years 61.3 11.7 2.7 2.7 0.9 3.6 0 0.9 
Total 67.7 9.7 3.9 4.4 1.4 4.8 0.9 1.0 
 
3.4.6 Body mass index 
Table 3.5 summarises BMI estimates. Malnutrition was a common phenomenon both in the 
XBF area (18.8%) and on the Nakai plateau (16.8%). These findings are in accordance with 
national estimates. In XBF, Nakai and nationally, the prevalence of overweight was low and 
obesity virtually non-existent. The extent of malnutrition in the Central region was similar to 
observations made in the Nakai and XBF surveys. 
 
Table 3.5: Body mass index (BMI) for adults (age > 15 years) in the Nakai and XBF study 
areas, stratified by sex, age and region (mal: malnutrition; owe: overweight; obe: obesity) 
 Nakai (n = 2396) XBF (n = 1039) National* (n = 5952) 
 mal owe obe mal owe obe mal owe obe 
Sex (in %) 
 Male 13.2 4.4 0.1 17.9  4.1 0.7 8.4 5.2 0.7 
 Female 19.7 6.0 0.4 19.4 6.2 0.7 8.2 9.2 1.6 
Age groups (in %) 
 15-29 years 13.2 4.7 0.2 18.4 3.8 0.2 6.6 4.2 0.6 
 30-59 years 17.1 6.2 0.4 17.3 7.0 0.9 6.2 0.1 1.8 
 ≥ 60 years 32.1 3.7 0 10.1 2.4 1.2 4.0 7.1 1.0 
Total 16.8 5.3 0.3 18.8 5.3 0.7 8.3** 7.3*** 1.2**** 
* Source: Report on the Health Status of the People in Lao PDR, 2001 
** Frequency of malnutrition in the Central region: 14.6% 
*** Frequency of overweight in the Central region: 7.3% 
**** Frequency of obesity in the Central region: 1.2% 
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3.4.7 Wasting, underweight and stunting 
Figure 3.3 shows the prevalence of wasting, underweight and stunting in children below the age 
of 5 years. The prevalence for wasting was 15.9% on the Nakai plateau and 17.5% in XBF 
riparian villages. The national average is slightly lower (15.4%). The percentage of wasted 
children was found within the first 2 years of life. 
More than half of the children from Nakai plateau villages were underweight (55.8%). In 
the surveyed XBF villages, the respective percentage was 35.8%. The age group most affected, 
both on the Nakai plateau (67.8%) and on a national level (54.2%), were children aged 2-3 
years. 
Children from Nakai villages were the most affected by stunting with a prevalence of 
55.7%. Generally, children living on the Nakai plateau suffered most from malnutrition, with 
underweight and stunting showing particularly high frequencies. 
3.4.8 Anaemia 
Figure 3.4 depicts the level of moderate and severe anaemia among the surveyed populations in 
Nakai and XBF. Overall, 43.8% of the individuals in Nakai and 54.9% in XBF were moderately 
anaemic. On a regional and national scale, the prevalence of moderate anaemia was smaller, i.e. 
26.0% and 26.2%, respectively. In general, anaemia showed a slight increase with age. The 
prevalence of severe anaemia in XBF was 1.7%. 
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Figure 3.3: Prevalence of wasting (a), underweight (b) and stunting (c) in children < 5 years in the Nakai and 
XBF survey areas, stratified by age. For comparison, national estimates are also given 
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Figure 3.4: Prevalence of moderate (a) and severe anaemia (b) in the Nakai and XBF survey areas stratified 
by age. For comparison, national estimates are also given 
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3.5 Discussion 
Large infrastructure developments, such as hydroelectric projects have the potential to curb 
social and economic development, facilitated by income generation, improved accessibility by 
upgraded transportation and information networks, enhanced food security and strengthened 
health systems (Utzinger et al., 2005). However, if water resources development projects are not 
well designed, implemented and managed, they can negatively impact the health and wellbeing 
of affected communities and the work force alike (Lerer and Scudder, 1999). 
Analysis of the Nakai and XBF baseline health surveys showed that data had been 
collected in seven of the 10 designated EHAs. Regarding respiratory diseases (EHA 1), no data 
were available for acute lower- and upper respiratory tract infections and tuberculosis. 
Information on tuberculosis, however, is available at the MoH in connection with the national 
tuberculosis control programme supported by the ‘Global Fund to Fight AIDS, Tuberculosis and 
Malaria’ (Global Fund, 2007). Moreover, relevant information on respiratory diseases is 
expected to come from the routinely collected data from health facilities, a part of the 
strengthening process of government health infrastructure through the inputs of the Nam Theun 
2 hydroelectric project. 
Regarding vector-related diseases (EHA 2), particular emphasis was placed on malaria. 
Community-based cross-sectional surveys are less suitable to address other vector-related 
diseases, such as Japanese encephalitis and dengue. Continued monitoring of vectors associated 
with a variety of diseases also forms a part of the currently implemented health programme and 
recently established collaborations with international research institutions will fill that void. 
The importance of baseline data pertaining to STIs, particularly HIV/AIDS (EHA 3), had 
been emphasised in the HIA, due to the influx of a substantial work force, consisting mainly of 
young adult men (Krieger et al. 2004b). There is a need for future surveys targeted at high-risk 
groups, and monitoring by the strengthened health system. 
The baseline health surveys did not provide data regarding the exposure to potentially 
hazardous materials (EHA 7), causes of psychosocial disorders (EHA 8) and cultural health 
practices (EHA 9). Various health issues related to these EHAs are of relevance to assess and 
monitor longitudinally the health impacts of Nam Theun 2 hydroelectric project. Aspects of 
mental health are particularly relevant since the resettlement of an estimated 6000 people on the 
Nakai plateau might have serious consequences. In addition, changes of the XBF river ecology 
is likely to alter social structures and local livelihoods. Uncertainty, enforced reorganisation of 
agricultural practices and loss of social coherence is associated with psychosocial distress, drug 
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abuse and depression, and the influx of new residents can cause social tensions, conflict and 
aggression (Bartolome et al., 2000; WHO, 2000a). 
The epidemiological design (cross-sectional survey) and the methods used (questionnaires, 
clinical examination and screening of biofluids) entail important limitations for a comprehensive 
assessment of the baseline health status of the affected populations. It is impossible to collect all 
required information of nine EHAs through one survey. Importantly, along with the social 
development plan (SDP), additional means have been employed to fill most of the gaps 
identified above (NTPC, 2007). For example, integrated interventions and monitoring 
programmes have been adapted that should allow capturing changes in those EHAs where only 
limited information was available beforehand. Exposure to hazardous materials, for example, is 
monitored by the occupational health and environmental monitoring programmes, which are 
extended to populations not directly involved with construction works. Particular consideration 
and an US$ 8 million commitment was given to clearance of unexploded ordinances (UXO) by 
a separate programme in collaboration with the Lao government and specialised UXO clearance 
organisations such as the Mine Advisory Group, Milsearch or MineTech International. 
We conjecture that methodological advances are still needed, along with specialised 
training of personnel to conduct baseline health surveys for mental health in the context of large 
infrastructure development projects and resettlement programmes (World Bank, 2001; Hwang et 
al., 2007). It is noteworthy that the SDP has established monitoring tools for mental health, by 
using proxy measures such as excessive alcohol intake, drug abuse and domestic- and extra-
domestic violence and suicides or attempted suicides. 
Baseline surveys of the total population in the form of health checks, a concession 
agreement between the government of Lao PDR and NTPC, are being conducted soon after the 
villages move to their new location of settlement. The health check information is transformed 
into family health files, which will provide information for continuous monitoring of the 
populations. Reporting system from district health will provide information for monitoring 
pertaining to respiratory infections, vector-related diseases (malaria, Japanese encephalitis and 
dengue), STIs, helminth and intestinal protozoa infections, in the current frame of the SDP. The 
strengthening of the existing health system is a crucial element in this respect. As soon as the 
major construction works commenced, awareness campaigns for prevention of STIs were 
implemented, which includes condom distribution (NTPC, 2007). In parallel, surveillance for 
STIs of the labour force and the resident population has been established. 
Sustainable access to clean water and adequate sanitation facilities are among the most 
significant factors to keep the transmission of water-, food- and vector-borne diseases at bay, 
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and hence are useful indicators for measuring the burden of disease and for monitoring progress 
towards the MDGs (Ezzati et al., 2002; Prüss et al., 2002; UN, 2007). Improvement of 
sanitation facilities and safe water sources, e.g. through development programmes or higher 
socio-economic status, translate to an improved general health status of a population (Fewtrell et 
al., 2005). More than 90% of the Nakai plateau population will be resettled to newly constructed 
villages where latrines and clean water will be available (NTPC, 2007). Therefore, it is hoped 
that, in terms of typical diseases of poverty, the health status of the Nakai population will 
significantly improve after resettlement. We suggest that future baseline health assessments 
should quantify morbidity attributable to lack of access to safe water and sanitation, i.e. through 
investigating frequencies and causes of diarrhoeal episodes and measuring water quality. 
Water resources development and management can change the frequency and transmission 
dynamics of malaria by creating or eliminating suitable breeding sites of Anopheles vectors. 
Therefore, malaria incidence is a sensitive indicator for assessing the performance of control 
programmes. However, in the case of Lao PDR, transmission patterns and breeding sites of 
Anopheles strongly differ from other studied dam sites, e.g. in afro-tropical settings. 
Transmission in the Southeast Asian region predominantly occurs in forested areas and 
therefore, ecosystem changes caused by dam construction might impact differently on malaria 
(Keiser et al., 2005a; Trung et al., 2005). Since only very few cases were found to be malaria 
antibody positive, findings from the Nakai and XBF surveys have to be interpreted with care. 
Recent studies close by described significantly higher prevalences of primarily P. falciparum 
(16-35%) (Kobayashi et al., 2000a; Toma et al., 2001). Similar to neighbouring countries, ITN 
campaigns in Lao PDR have been very successful and have significantly lowered the burden of 
malaria (Kobayashi et al., 2004; Nam et al., 2005). Almost complete coverage rates with 
mosquito nets, many of which were treated with insecticides within the past 6 months, were 
reported in both surveys. 
Several studies have found a negative association between socio-economic status and the 
extent of intestinal parasite infection (Fried et al., 2004; Gunawardena et al., 2004; Raso et al., 
2005). This renders prevalence and intensity of intestinal parasite infection to be useful 
indicators for socio-economic improvement. Among the Nakai survey population 77% were 
infected with at least one parasite. However, the prevalence of some species (i.e. O. viverrini 
and T.trichiura) was significantly lower than the national average or other provinces (Kobayashi 
et al., 1996; Kobayashi et al., 2000b; Rim et al., 2003; Sayasone et al., 2007). Preceding 
parasitological investigations found prevalences of 20-100% for O.viverrini and 20-70% for 
T.trichiura in the XBF area (NTPC, 1997). Significant improvements have already been 
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demonstrated in the pilot village where intestinal worm infestation has declined from 82% in 
2001 to 22% in April 2006 (NTPC, unpublished data). Pilot village population has also shown 
considerably lower levels of anaemia compared to other Nakai villages during health checks 
currently being conducted in the project area. Common risk factors for acquiring these parasitic 
infections are the lack of sanitation facilities, unhygienic practices and consumption of raw or 
semi-cooked food, which were highly prevalent in the two surveys. It is conceivable that 
improvements of sanitation facilities, health systems and socio-economic status, together with 
health education, will reduce the burden of intestinal parasites in both settings. 
Conversely, increased economic status may also result in higher risks of acquiring food-
borne diseases. It has been observed that with an elevated purchasing power of the population, 
animal production and meat consumption increase. In connection with this, trichinellosis 
outbreaks were observed in 2004 in Borikhamsay province and one year later in Oudomxay 
province. In the latter, more than 600 individuals were affected (Sayasone et al., 2006). 
Anthropometric measures such as BMI, wasting, underweight and stunting are indicators 
for malnutrition and various diseases, but must be viewed in a broader context for development 
and socio-economic status (WHO, 2000b; Marjan et al., 2002; Miyoshi et al., 2005). Survey 
data presented here confirmed that malnutrition is one of the most significant public health 
issues in the Nam Theun 2 Hydroelectric Project area, with children under the age of 5 years at 
highest risk. This is largely due to poor supplementation of breast milk with alternative foods 
after 6 month of age. The absence of overweight and obesity, on the other hand, should also be 
noted as a sign of positive health. Improvement of livelihoods in general, awareness and health 
education for harmful cultural practices and lowering parasitic infection in particular, is likely to 
result in decreased prevalence of wasting, underweight and stunting (Florentino and Pedro, 
1992; Takakura et al., 2001; de Silva et al., 2003). 
A high prevalence of moderate anaemia was found in surveyed villages on the Nakai 
plateau and the XBF area. Although the aetiology of anaemia is multi-factorial (Stephenson et 
al., 2000; Crawley, 2004; Hesham et al., 2004), it is likely that malnutrition and micronutrient 
deficiencies are the most important factors in the current setting. Improving the general health 
status, especially enhancing nutrition and reducing the burden of intestinal parasitic infection, is 
likely to translate into higher haemoglobin levels, and hence render people more productive and 
less susceptible to infections (WHO, 2001; Hunt, 2002). 
A challenge for defining health indicators for monitoring the performance of the Nam 
Theun 2 Hydroelectric Project is that causal webs are complex and evidence for the links of 
cause and effect are difficult to create, especially for environmental health issues (Ezzati et al., 
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2005). Improvement of livelihoods and the health situation should be seen in the context of the 
national and regional (Southeast Asia) economic performance (Waters et al., 2003). In addition, 
knowledge and behavioural changes driven by national health programmes, media, and 
globalisation will impact on people’s lifestyle and will confound health outcomes in the Nam 
Theun 2 Hydroelectric Project area (Friel et al., 2004). 
Concluding, we presented findings derived from two large-scale baseline surveys and 
discussed which health indicators could be used for monitoring changes in health of the affected 
populations. Some EHAs could not be addressed, since the design of a simple community-based 
cross-sectional survey has important limitations. These shortcomings could be overcome by 
complementary longitudinal surveys, and a surveillance system and disease monitoring. 
Together with other baseline health data, the current analysis provides a benchmark, which will 
allow long-term monitoring of people’s health status in the vicinity of the Nam Theun 2 
hydroelectric project in central Lao PDR. 
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4.1 Abstract 
Access to quality health care relies on successful interactions between the patient and the health 
care provider, which are influenced by livelihood assets within a given vulnerability context. We 
compared perceived ill-health and health seeking behaviour between two communities affected 
by the Nam Theun 2 hydroelectric project, central Lao PDR. Despite some fundamental 
differences between the two communities – Nakai being remote, sparsely populated and 
mountainous, whilst Xe Bang Fai lowland plains are more densely populated and affluent – the 
differences were worth considering in view of the future expected developments due to the 
hydroelectric project. Data were obtained from two cross-sectional household-based health and 
socio-economic surveys. We found pronounced differences in the frequency of self-reported 
fever, cough, headache and myalgia according to location. On the Nakai plateau, 45.1% of the 
individuals who reported ill-health (recall period: 2 weeks) went to a local health volunteer 
compared to only 7.2% in the Xe Bang Fai area (p < 0.001). In Nakai, there were 
disproportionately more illiterates seeking help from local health volunteers when compared to 
those who attended at least primary schooling (49.2% versus 17.5%, p < 0.01). Self-medication 
with antimalarials was more common in Xe Bang Fai than on Nakai (32.3% versus 7.0%, p < 
0.001). The mean amount of money spent per health consultation was US$ 1.7 in Nakai and 
US$ 7.2 in Xe Bang Fai. The observed differences in self-reported ill-health and health seeking 
behaviour among these two Lao communities need to be considered when implementing setting-
specific mitigation measures as part of the public health action plan of the Nam Theun 2 
hydroelectric project.  
 
Keywords: Self-reported ill-health; health seeking behaviour; Lao PDR; Nam Theun 2 
hydroelectric project 
4.2 Introduction 
According to the Human Development Report 2007/2008, Lao PDR ranks at position 130 
among 177 referenced countries, and is currently considered a country with a medium human 
development index (HDI) (UNDP, 2008). Health indicators, such as under-5 mortality (83 per 
1000 in 2004), life expectancy at birth (59 years), maternal mortality (405 per 100,000 live 
births), and expenditure for health per person per year (US$ 11 in 2003) are among the worst 
across Asia (WHO, 2006). In 2005, it was estimated that 79.4% of Lao people still lived in rural 
areas (UN, 2005). 
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Lao PDR’s public health system is constrained by a lack of human and financial resources, and 
there are considerable challenges to improve this situation, due to the interplay of ecological, 
political and socio-economic factors. The provision of health services is mainly concentrated in 
populated and more developed areas in the Mekong lowland, whilst remote and sparsely 
inhabited settings are often neglected (Khe et al., 2002; Yanagisawa et al., 2004). Although 
quite comprehensive health data of Lao PDR have been published by the Ministry of Health 
(MoH) in 2001, there is a paucity of information regarding perceived ill-health and health 
seeking behaviour, and only little is known about differences according to age, gender, 
educational attainment and location (e.g., low-land versus high-land dwellers) (MoH, 2001). 
Health systems may therefore be insufficiently prepared to local needs (Phommasack et al., 
2005; Perks et al., 2006). Furthermore, access to health care and mitigation services must be 
seen and planned in a boarder context. On one side are the health services embedded in the 
health system and the wider institutional network of the country, and on the other side are the 
livelihood assets of affected individuals (Obrist et al., 2007). The latter is governed by the 
overall vulnerability of the population. Large infrastructure developments, such as the Nam 
Theun 2 hydroelectric project in central Lao PDR, can have a positive or negative effect on 
health, wellbeing and equity (Erlanger et al., 2008). A deeper understanding of a patient’s 
perception on ill-health and health seeking behavior within a given vulnerability framework is of 
central importance to better understand why, how and when a patient seeks access to health care 
(Montgomery et al., 2006). 
The purpose of this article was to examine differences in self-reported ill-health and 
patterns of health seeking behavior among two rural communities affected by the Nam Theun 2 
hydroelectric project (NTPC, 2007). The data stem from large-scale cross-sectional surveys that 
were designed to characterize the baseline health and socio-economic situation on the Nakai and 
in the Xe Bang Fai downstream areas before implementation of this water-resource development 
project. 
4.3 Materials and methods 
4.3.1 Study area and population 
In a collaborative effort between the MoH, other Lao institutions, and the Nam Theun 2 Power 
Company (NTPC), two large cross-sectional household-based surveys were carried out on the 
Nakai plateau and in the Xe Bang Fai river plain in the provinces of Khammouane and 
Borikhamsay, central Lao PDR. In 2002, the public health system in Khammouane province 
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(estimated population 258,000) in which most of the study area lies, comprised of one provincial 
hospital (150 beds), 8 district hospitals (146 beds) and 71 health centres. There were 71 village 
health volunteers responsible for a total of 806 villages and, on average, there were 4.1 health 
workers per 1000 inhabitants (NTPC, 2007). 
Details of the study area and population surveyed have been presented elsewhere (Erlanger 
et al., 2008). The Nakai survey took place between November 2001 and September 2002, 
enrolling more than 5000 individuals in 864 households of 17 villages on the Nakai plateau 
where the reservoir will be created. The Xe Bang Fai survey, carried out between June and 
August 2001, enrolled over 10,000 individuals from 1680 households in 112 villages. 
4.3.2 Questionnaire survey 
Data on perceived ill-health and health seeking behavior were obtained by interviewing the 
heads of households and family members using a standardized questionnaire. Here, we focus on 
demographic features, self-reported symptoms, health seeking behavior, antimalarial treatment, 
drugs administered in health facilities and health expenditures. 
4.3.3 Data management and statistical analysis 
Questionnaire data were entered into two separate Microsoft Access databases. Data quality was 
ascertained by a number of internal consistency checks with inaccuracies being removed after 
consulting the original questionnaires. The two databases were then converted to STATA version 
8.2 (StataCorp; College Station, USA), and merged to a single database. Standard deviations 
(SD) of means and significance of differences between frequencies were tested using χ2-tests in 
STATA. 
4.4 Results 
4.4.1 Demographic features 
Table 4.1 summarises the demographic data for the two communities surveyed. The percentage 
of children below the age of 6 years was 20.1% in Nakai and 15.3% in Xe Bang Fai (χ2 = 7.4,    
p < 0.001). At the national level the respective percentage of children younger than 6 years is 
16.2%. The percentage of individuals aged below 15 years was 45.8% in Nakai and 42.0% in Xe 
Bang Fai (χ2 = 4.7, p < 0.001). Elderly people, aged 60 years and above, accounted for 5.1% in 
Nakai and 5.6% in Xe Bang Fai (p > 0.05). 
Gender differences in educational attainment were apparent on Nakai and Xe Bang Fai 
(Table 4.2). In Xe Bang Fai, the frequency of illiterate males and females was about half to one-
third compared with Nakai (males: 13.2% versus 35.1%, χ2 = 16.3, p < 0.001; females: 33.1% 
Article 2: Perceived ill-health and health seeking behaviour in the NT2 area 
57 
versus 65.0%, χ2 = 20.3, p < 0.001). The percentage of people who only attended primary school 
was 42.7% in Nakai and 47.2% in Xe Bang Fai (χ2 = 3.9, p < 0.001). 
 
Table 4.1: Population frequencies stratified by sex and age groups in the Nakai. 
As comparison, national figures are also given 
 Nakai 
(n = 5099) 
Xe Bang Fai 
(n = 10,032) 
Nationally 
(n = 38,260) 
Sex    
 Females 51.2%** 50.8%* 50.6% 
 Males 48.8% 49.2% 49.4% 
Age (years)a    
 ≤ 5 20.1%** (***) 15.3%(*) 16.2% 
 6-14 25.7% 26.7% 26.7% 
 15-29 23.9%* 25.8% 25.0% 
 30-59 25.2%* 26.7% 26.1% 
 ≥ 60 5.1%(*) 5.6% 6.0% 
a In Xe Bang Fai, data on age was missing for 96 individuals (n = 9936) 
Asterisk indicate significance differences between Nakai and XBF and asterisk in 
brackets between Nakai/XBF and nationally (*: p < 0.05; **: p < 0.01; ***: p < 0.001) 
 
The majority of heads of household were male (Nakai: 83.2%, Xe Bang Fai: 84.2%) and 
married (Nakai: 76.2%, Xe Bang Fai: 80.7%). Their mean age was 46 years (SD: 14.0 years) in 
Nakai and 47 years (SD: 13.7 years) in Xe Bang Fai. Most of the household heads were farmers 
or fishermen; 82.9% in Nakai and 81.7% in Xe Bang Fai, respectively. 
 
Table 4.2: Educational attainment of the Nakai and the Xe Bang Fai study populations (only persons 
older than 14 years of age) 
 Nakai (n = 2760) Xe Bang Fai (n = 5870) 
 Males 
n = 1292 
Females 
n = 1468 
Males 
n = 2811 
Females 
n = 3059 
Educational attainment 
 Illiterate1 35.1%*** (***) 65.0%(***) 13.2%*** 33.1% 
 Primary school 55.3%*** (**) 31.5%(***) 50.7%*** 43.9% 
 Lower secondary school2 6.6%*** (***) 2.5%(***) 20.7%*** 12.6% 
 Upper secondary school2 1.9%*** (***) 0.5%(***)  8.7%*** 4.3% 
 Higher education3 0.8%** (***) 0.1%(***) 3.2%** 2.0% 
 Unknown 0.3%(***) 0.3%(***) 3.5% 4.1% 
1 Illiteracy nationally: 30.0%; 2 Lower secondary school: 3 years (grade 6 - 8); upper secondary school: 3 
years (grade 9 - 11); 3 University, vocational and technical school 
Asterisk indicate significance differences between males and females of either Nakai or XBF and asterisk 
in brackets between the same sex in Nakai and XBF, respectively (**: p < 0.01; ***: p < 0.001) 
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4.4.2 Self-reported symptoms 
In Nakai, 8.0% of the interviewees reported at least one symptom 2 weeks prior to the survey. In 
Xe Bang Fai, the frequency of reported symptoms was significantly lower (6.1%; χ2 = 4.4, p < 
0.001). If symptoms can be taken as a proxy to illness, Nakai had the highest level of illness 
(80/1000 population) compared to Xe Bang Fai (61/1000) and the national estimate (25/1000). 
Table 4.3 shows that the most frequent symptoms reported by the Nakai and Xe Bang Fai study 
population were fever (Nakai: 70.4%, Xe Bang Fai: 55.1%; χ2 = 4.9, p < 0.001), cough (Nakai: 
51.3%, Xe Bang Fai: 31.5%; χ2 = 6.4, p < 0.001), headache (Nakai: 42.5%, Xe Bang Fai: 
42.6%; χ2 = 0.03, p > 0.05), and myalgia (Nakai: 33.3%, Xe Bang Fai: 26.7%; χ2 = 2.4, p < 
0.05).  
 
Table 4.3: Frequencies of self-reported symptoms of the Nakai and Xe Bang Fai survey 
population 
 Nakai 
n = 408 
Xe Bang Fai 
n = 615 
Nationally 
n = 959 
Any symptom (proxy illness) 80/1000 pop. 61/1000 pop. 25/1000 pop. 
Fever 70.4%*** (***) 55.1% 57.7% 
Cough 51.3%*** (***) 31.5% 27.2% 
Headache 42.5% (***) 42.6% (***) 22.2% 
Myalgia 33.3% * (***) 26.7% (***) 13.6% 
Cough and runny nose 31.8%*** 13.7% n.k. 
Sneeze and runny nose  25.9%** (***) 17.9% 13.5% 
Chills 18.1%*** 10.1% n.k. 
Vomiting 13.0%** 7.3% n.k. 
Sore throat 12.5%*** 3.9% n.k. 
Chest pain 10.8%1 10.9% n.k. 
Abdominal pain 10.0% 13.8% 11.3% 
Watery diarrhoea 5.4% (**) 6.5% (**) 10.5% 
Fatigue 5.4%*** 11.4% n.k. 
Respiratory difficulties 4.7% 6.8% n.k. 
1: Males were significantly more affected than females (p < 0.05) 
n.k.: not known 
Asterisk indicate significance differences between Nakai and XBF 
Asterisk in brackets indicate significance differences between Nakai / XBF and national figures (*: p 
< 0.05; **: p < 0.01; ***: p < 0.001) 
 
These high frequencies imply that several symptoms were reported simultaneously. In Nakai, 
the occurrence of watery diarrhoea was significantly less frequent than the national estimate 
(5.4% versus 10.5%, χ2 = 3.0, p = 0.003). Fever was most frequent in young children under 5 
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years and in the elderly aged above 59 years. Fever was significantly less often reported in 
Nakai than in Xe Bang Fai (5.1% versus 6.0%, χ2 = 2.3, p = 0.05). However, when stratified 
after gender and age, significant differences were only found between the female population of 
Nakai and Xe Bang Fai, respectively. Nationally, the occurrence of fever was two- to three-fold 
lower (p < 0.001) as summarised in Table 4.4. 
 
Table 4.4: Occurrence of fever in a period of 2 weeks prior to the survey in the Nakai and 
Xe Bang Fai population. As a comparison, national figures are also given 
 Nakai 
n = 5062 
XBF 
n = 10,029 
Nationally 
n = 38,260 
Sex    
 Females 5.2%* 6.5% 2.1% 
 Males 5.0% 5.6% 2.0% 
Age (years)    
≤ 5 7.7% 9.3% 2.9% 
6-14 3.5% 4.5% 1.7%1 
15-29 3.0% 4.1% 1.1%2 
30-59 5.5% 6.7% 2.2%3 
≥ 60 years 9.7% 9.6% 2.2% 
 Total 5.1%* (***) 6.0%(***) 1.9% 
Asterisk indicate significance differences between Nakai and XBF 
Asterisk in brackets indicate significance differences between Nakai / XBF and national figures 
(*: p < 0.05; ***: p < 0.001) 
1 age group 6-14 years;  
2 mean of age groups 15 - 19, 20 - 24, and 25 - 29 years 
3 mean of age groups 30 - 34, 35 - 39, 40 - 44, 45 - 49, 50 - 54, and 55 - 59 years 
 
4.4.3 Health seeking behavior 
Table 4.5 summarises the patterns of health seeking behavior, stratified by location. In Nakai, 
59.0% of the illiterates and 60.6% of the individuals with at least primary education who 
reported symptoms within the past 2 weeks sought health care. In Xe Bang Fai, the respective 
percentages were 67.3% and 73.4% (p > 0.05). In the Nakai study area, the most frequent health 
seeking behavior was to visit a local health volunteer (45.1%). Visiting pharmacies/private 
clinics was reported by 21.6%, whereas self-treatment was reported by 20.8% of the 
interviewees. Illiterates sought health care at local health volunteers more frequently than their 
more educated counterparts (49.2% versus 17.5%, χ2 = 3.2, p = 0.001). In Xe Bang Fai, 25.9% 
of the respondents who felt ill went to pharmacies/private clinics, 18.1% to health centres, 
11.1% to district hospitals, and 10.4% were visited by a doctor. 
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Compared to national statistics, self-treatment was less frequently practised on the Nakai plateau 
(20.8% versus 52.9%, χ2 = 9.1, p < 0.001). District hospitals (3.9% versus 7.1%, χ2 = 1.9; p > 
0.05) and provincial hospitals were less often visited (0.8% versus 4.7%, χ2 = 2.9, p = 0.004). 
Table 4.6: Percent of patients who did self-treatment and who received 
medicines in health facilities 
 Nakai 
n = 100 
XBF 
n = 232 
Nationally 
n = 137 
Self-treatment with chloroquine, SP, or paracetamol 
Anti-malarial medicine 7.0%*** (**) 32.3% 26.8% 
Paracetamol 17.0%*** (**) 90.6%(*) 84.0% 
Other 1.0%(**) 3.1%(***) 33.3% 
Chloroquine, SP, or paracetamol received in health facilities 
Anti-malarial medicine 44.0** (**) 30.7(***) 7.6% 
Paracetamol 87.0(***) 82.4(***) 31.0% 
Other 23.0*** (**) 9.0 9.7% 
Asterisk indicate significant differences between Nakai and XBF 
Asterisk in brackets indicate significant differences between Nakai/XBF and 
national figures (*: p < 0.05; **: p < 0.01; ***: p < 0.001) 
 
4.4.4 Malaria treatment 
The percentage of people who reported to have taken antimalarial drugs (e.g., chloroquine or 
sulfadoxine-pyrimethamine (SP) are available in the area), or paracetamol, before and during the 
attendance of health facilities, is summarized in Table 4.6 In Nakai, 7.0% of the individuals 
practiced self-treatment with antimalarials before they visited health facilities. Self-treatment 
was more common in Xe Bang Fai. However, in health facilities antimalarials were received 
more frequently in Nakai compared to Xe Bang Fai and national estimates (44.0%, 30.7% and 
7.6%, respectively). 
4.4.5 Expenditure for health 
The mean amount of money spent when Nakai villagers visited a health facility, pharmacies or 
for self-medication, which includes transportation, admission fees and drugs, was 17,000 
Laotian Kip (LAK) (approximately US$ 1.7 in 2005). The 50% and 90% percentiles were 2,750 
LAK (US$ 0.3) and 27,000 LAK (US$ 2.7), respectively. In Xe Bang Fai, expenditure for 
health, on average, was 72,000 LAK (US$ 7.2), and the 50% and 90% percentiles were 20,000 
LAK (US$ 2) and 75,000 LAK (US$ 7.5), respectively. 
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4.5 Discussion 
The results presented here stem from two large-scale cross-sectional surveys that investigated 
perceived ill-health and health seeking behavior among more (Nakai plateau) and less neglected 
populations (Xe Bang Fai lowland plains) that are affected by the US$ 1.45 billion water-
resource development project on the Nam Theun River in central Lao PDR (Erlanger et al., 
2008). The surveys were carried out in 2001/2002, in an effort to characterize the baseline health 
and socio-economic situation among these Lao communities, and the emphasis in the current 
analysis was on perceived ill-health and health seeking behavior. This kind of information is 
relevant for effective planning of the implementation of health services improvements in the 
area. The Social Development Plan, implemented within the framework of the Nam Theun 2 
hydroelectric project, addresses access to health care, particularly for mitigating predicted 
negative health effects resulting from the project (Krieger et al., 2004; Erlanger et al., 2008). 
Our findings suggest that Nakai plateau dwellers are more affected by communicable and 
vector-borne diseases than people living in the Xe Bang Fai lowland plains. We found 
pronounced gender differences in health seeking behavior and highlanders were less integrated 
in the health system compared to communities in the Mekong lowlands. Our findings confirm 
that infectious diseases are the predominate causes of ill-health both in Nakai and Xe Bang Fai. 
Our analysis also showed that even at small spatial scales, patterns of health seeking behavior 
and perceived ill-health vary considerably. These heterogeneities have to be taken into 
consideration for adequate planning of local health services. 
Data presented here suffer from several methodological shortcomings. First the outcomes 
of the two surveys are potentially biased since the Nakai survey was carried out during the 
course of one year, whilst the Xe Bang Fai survey was conducted in the rainy season. It is likely 
that seasonal variations of diseases are either over- or underreported. For example, upper 
respiratory tract infections mostly occur during the cold dry season from October to March. 
Malaria transmission is highest toward the end of the rainy season in August/September 
(Dowell, 2001). Another potential source for bias is the fundamental differences in the two 
communities studied. Nakai being remote, sparsely populated and mountainous, whilst Xe Bang 
Fai lowland plains, with much higher population density and more affluent. In spite of these 
differences comparisons were worth considering in view of the future expected developments 
due to the hydroelectric project in the area. Second, observed differences in demographic 
composition, e.g., the significantly higher proportion of children below 5 years of age on the 
Nakai plateau, might be due to a lower socio-economic status, higher illiteracy and partial 
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absence of proactive family planning in remote highland communities (Frisen, 1991). The 
phenomenon of declining birth rates, as observed in the Mekong lowland, occurs in societies 
that go through development transition (Robey, 1991). Third, education in general, but literacy 
in particular, is positively associated with improved health (WHO, 2006; UN, 2007). In Lao 
PDR, decisions in relation to health seeking, expenditure for health or housing improvements 
(e.g., screening windows and doors against insects, improving sanitation facilities and reducing 
indoor air pollution) are commonly made by the heads of households. Therefore, the educational 
status, i.e., the head of households’ knowledge, attitude, believe and behavior toward disease 
risks is a critical determinant for the health status of other household members. Educational 
status on the Nakai plateau was significantly lower compared to the Xe Bang Fai area. It is 
likely that this is also reflected in the health status of the Nakai people, e.g., poorer maternal 
health and higher child mortality (Rattanavong et al., 2000). 
Reported symptoms such as myalgia, chills, fatigue, cough accompanied by sneeze and 
runny nose are most likely due to infectious diseases. Compared to Xe Bang Fai and national 
figures, fever was more frequently reported in Nakai. We therefore speculate that infectious 
diseases are particularly prominent on the Nakai plateau. Vomiting and watery diarrhoea can be 
attributed to intestinal infections or the consumption of contaminated food (Takemasa et al., 
2004). Studies on the etiological agents of patients visiting health facilities in the capital 
Vientiane found that Shigella spp., heat-stable enterotoxin producing Escherichia coli, and 
serogroup-based enteropathogenic E. coli were the main causes for diarrhoeal episodes 
(Yamashiro et al., 1998). The lower frequency of self-reports of diarrhoeal episodes in Nakai 
might be explained by smaller communities (i.e., less overcrowding) and a lower odds of 
contaminated drinking water, mostly obtained from the rapidly flowing rivers. 
Abdominal pain could be caused by helminth (e.g., Ascaris lumbricoides, hookworm, 
Strongyloides stercoralis and Opisthorchis viverrini) and protozoal infections (e.g., Giardia 
duodenalis). In Lao PDR intestinal parasitic infection are highly prevalent in all age groups 
(Sayasone et al., 2007). A study carried out in Khammouane province found 82% of the 
participants infected with intestinal helminths (Vannachone et al., 1998; MoH, 2001). The 
overall prevalence of helminth infections was similarly high in the Nakai survey, most likely 
attributable to lack of clean water and indiscriminate defecation. A. lumbricoides was the 
predominant helminth species (67.7%), whereas significantly lower prevalences were observed 
for hookworm (9.7%), Taenia sp. (4.8%), Enterobius vermicularis (4.4%), Trichuris trichiura 
(3.9%), S. stercoralis (1.4%) and O. viverrini (0.9%) (Erlanger et al., 2007). 
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The high number of self-reported cough in Nakai is likely to be associated with poor housing 
conditions. The absence of windows and ventilation, coupled with harmful exposures to smoke 
of solid fuels that are burnt indoor for cooking and heating, favour transmission of respiratory 
diseases. Particularly the susceptibility to pneumonia and tuberculosis is higher when people are 
excessively exposed to smoke (Zhang and Smith, 2003). Frequent occurrence of lung diseases 
could be reflected in a relatively high percentage of reported respiratory difficulties. 
Improvement of housing holds promise to reduce the burden of respiratory diseases (Friel et al., 
2004; NTPC, 2007). In connection with tuberculosis it should be noted that Paragonimus spp., 
the lung fluke, is endemic in central Lao PDR (Bunnag et al., 1981). Bloody sputum, chest pain 
and chronic caught which are typical signs of tuberculosis can also be due to a Paragonimus 
infection, particularly when fever is absent (Odermatt et al., 2007). 
Despite the success of insecticide-treated bed nets (ITN) and other control measures, 
malaria remains one of the major public health issues in Lao PDR (Socheat et al., 2003). Early 
treatment of malaria infections can prevent patients from severe disease and death. On the other 
hand, self-treatment can contribute to drug resistance, especially when drugs are underdosed or 
treatment schedules abridged (Socheat et al., 2003; Syhakhang et al., 2004a; Syhakhang et al., 
2004b). Since antimalarial drug consumption before attending health facilities in Nakai was low, 
prompt access to antimalarials is of pivotal importance. In Xe Bang Fai, where one-third of the 
people took antimalarials before consulting health professionals, the question of appropriate 
dosage, drug quality and treatment period does arise. Assuring drug quality and compliance in 
drug consumption is essential for a sustainable and effective malaria control program in the two 
study areas. 
Generally, access to health facilities and provision of primary health care in Lao PDR is 
limited by a lack of infrastructure, resources and by seasonal and logistical inaccessibility 
(Phommasack et al., 2005). Moreover, the people’s perception of health, their understanding of 
cure but also quality of care are determinants of access to health care (Mackian et al., 2004). 
This was particularly so in the Nakai area. Significant differences in health seeking behavior 
between the Nakai and Xe Bang Fai study areas suggest that health services need to be better 
adapted to local needs and preferences. On the Nakai plateau local health volunteers are the 
preferred contact persons because they are the only one providing health services, and getting to 
the health centres and hospitals is impractical, especially during the rainy season when few 
roads that are there are impassable. Therefore, it is conceivable that provision of resources and 
training to local health volunteers will strengthen the health system. However, health seeking 
behavior might change in the face of the developments taking place due to the construction of 
Article 2: Perceived ill-health and health seeking behaviour in the NT2 area 
65 
the dam. For example, health centres, district and provincial hospitals are likely to be more 
accessible to remote populations for serious health problems as project implementation moves 
forward. We conjecture that the health system in both Nakai and the Xe Bang Fai area need to 
be strengthened by improving the quality of hospital, health centres and pharmacies. The need 
for focusing health service provision on delivery of primary health care is paramount. Whilst 
this paper concentrates on health service seeking behavior and treatment of illnesses, health 
status improvement in a population is largely dependent on preventive measures, and hence due 
emphasis should be given to it through primary health care provision. 
The Nam Theun 2 hydroelectric project impacts on the people’s access to livelihood 
assets, which in turn influences the recognition of ill-health and health care seeking. Human 
capital (local knowledge, education, and skills) is impacted by diverse project-related 
interventions such as the Social Development Plan. Social capital (social networks and 
affiliations) is significantly changed by resettlement activities, the influx of labour force and 
camp followers (e.g., small business holders). The natural capital (land, water, livestock) as well 
as the physical capital (infrastructure, equipment, and means of transport) is altered by loss of 
land, gain of water surface, building of roads and the access to electricity and communication 
infrastructure. Financial capital (cash and credit) is changing due to available labour, access to 
national markets, tourism and poverty reduction plans in the framework of the project (Obrist et 
al., 2007). Despite the fact that changes can be both favourable and adverse, overall access and 
quantity to livelihood assets and therefore the provision of primary health care is expected to 
improve during construction and operation of the project according to the operator (NTPC, 
2007). 
A further important finding of this study is, that in Nakai out-of-pocket expenditures for 
health were four-fold lower compared with Xe Bang Fai despite symptoms were more 
frequently reported on the Nakai plateau. Considering that those expenditures were made within 
a recall period of 2 weeks the question arises about the accuracy of the WHO’s quoted amount 
of expenditure for health per person per year (US$ 10 in 2002) (WHO, 2005). However, ability 
and willingness to pay for health care may change in coming years. The Nam Theun 2 
hydroelectric project with all the associated local economic improvements may liberate 
household assets for the provision of health care services. Hence, this could reduce the overall 
vulnerability of the affected population (NTPC, 2007; Obrist et al., 2007). 
In settings where a large infrastructure development project impacts on the overall 
vulnerability of local communities, rigorous monitoring is warranted. It is likely that access to 
quality care improves as more careful analysis on perceived health needs are taken into account 
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for the composition of the services compared to non-affected areas. Furthermore, over time 
overall vulnerability of the local population may decrease and may liberate household assets for 
access to health care in a political environment where institutions and organisation may be 
granted support which may affect positively the health system. We have reported the baseline 
situation regarding perceived ill-health and health seeking behavior in two Lao communities 
affected by a large hydroelectric project, which can serve as a benchmark for monitoring 
changes over time. 
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5.1 Abstract 
Health impact assessment (HIA), a methodology that aims to facilitate the mitigation of negative 
and enhancement of positive health effects due to projects, programmes and policies, has been 
developed over the past 20–30 years. There is an underlying assumption that HIA has become a 
full fledged critical piece of the impact assessment process with a stature equal to both 
environmental and social impact assessments. This assumption needs to be supported by 
evidence however. Within the context of projects in developing country settings, HIA is simply 
a slogan without a clearly articulated and relevant methodology, offered by academia and 
having little or no salience in the decision-making process regarding impacts. This harsh 
assertion is supported by posing a simple question: “Where in the world have HIAs been carried 
out?” To answer this question, we systematically searched the peer-reviewed literature and 
online HIA-specific databases. We identified 237 HIA-related publications, but only 6% of 
these publications had a focus on the developing world. What emerges is, therefore, a huge 
disparity, which we coin the 6/94 gap in HIA, even worse than the widely known 10/90 gap in 
health research (10% of health research funding is utilized for diseases causing 90% of the 
global burden of disease). Implications of this 6/94 gap in HIA are discussed with pointed 
emphasis on extractive industries (oil/gas and mining) and water resources development. We 
conclude that there is a pressing need to institutionalize HIA in the developing world, as a 
consequence of current predictions of major extractive industry and water resources 
development, with China's investments in these sectors across Africa being particularly salient. 
 
Keywords: Health impact assessment, systematic review, extractive industry, water resources 
development, developing countries, China 
5.2 Introduction 
Health impact assessment (HIA) is a tool that combines qualitative and quantitative methods 
(Joffe and Mindell, 2002; Krieger et al., 2003) and pursues a multidisciplinary approach, 
typically considering a broad range of health effects (Scott-Samuel, 1998; Kemm, 2003; Bos, 
2006). HIA takes into consideration that environmental, political, psychological and socio-
economic factors collectively determine health, equity and wellbeing (Lerer, 1999; Morrison et 
al., 2001). HIA has been developed over the past 20 years and became an integral part of public-
health policies of many governments in the industrialised world and the private sector. This 
process has been influenced by the Ottawa Charter for Health Promotion, put forward by the 
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World Health Assembly in the mid-1980s. This resolution endorsed an intersectoral approach 
towards health development (WHO, 1986; Lock, 2000). The World Health Organization 
(WHO), World Bank, national governments, academia and HIA networks aided in the further 
development and refinement of HIA (Parry and Stevens, 2001). The governments of Australia 
(Mahoney, 2005), Canada (Davies, 1991), Germany (Fehr et al., 2003), New Zealand (Mahoney 
and Morgan, 2001), Sweden (Finer et al., 2005), The Netherlands (Lebret and Staatsen, 2002), 
United Kingdom (Quigley and Taylor, 2003) and the United States (Cole et al., 2004; 
Dannenberg et al., 2006) have many years of experience with HIAs. Moreover, the European 
Union, international organizations and donors have integrated selected environmental and social 
aspects of health into the screening, scoping, risk assessment, decision-making, and 
implementation and monitoring of projects, programmes and policies, with HIA playing an 
important role in this regard (Hübel and Hedin, 2003; Mekel et al., 2004; Wismar, 2005). These 
HIA efforts are primarily centred on developed country settings. A critical concern is whether 
there has been any transfer of the existing HIA message and methodology to industrial 
development activities in the developing world context. 
Here we ask a simple question: “Where in the world have HIAs been carried out?” This 
question is addressed by a systematic search of the peer-reviewed literature. Relevant 
publications are stratified according to HIAs being carried out in developed or developing 
countries. The need for HIA in the developing world is then discussed and exemplified by 
projected extractive industries (oil/gas and mining) and water resources development. These 
projects are often the most contentious and controversial, particularly for the large and vocal 
international non-governmental organization (NGO) communities. Ostensibly, the HIA would 
be an excellent and critical vehicle for addressing the needs and concerns of the most directly 
affected stakeholders. Hence, we would expect that if it was truly regarded as important, the use 
of HIA as an integral component of the impact assessment process in a developing country 
context would be easily discernible. The results of our investigations indicate that HIA is a 
slogan without a clearly defined programme, articulated by academic advocates, and having 
minimal salience in the councils of key decision-makers. Therefore, we offer some suggestions 
about why and how to practically institutionalize HIA in the developing world.  
5.3 HIA in the peer-reviewed literature 
We systematically searched the peer-reviewed literature for HIA-related publications, using the 
readily available ISI Web of Science and PubMed databases (1966 to May 2007). The term 
“health impact assessment” yielded 242 hits on ISI Web of Science and 168 hits on PubMed. 
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Examination of these publications against the internationally recognised definition of HIA 
revealed a list of 237 records, published between 1976 and May 2007. Results of our temporal 
analysis are summarised in Table 5.1. Only 7 contributions (3%) were published between 1976 
and 1990. In the 1990s, there were 45 HIA-related publications (19%) and, in the new 
millennium, we identified 185 publications (78%). Thus, our findings reveal a recent and 
exponential growth of the HIA literature in scholarly journals. Approximately two-thirds of the 
publications (n = 152) were original articles or reviews. There were 45 meeting abstracts and the 
remainder (n = 40) were editorials, letters, comments, books, book reviews and reports. Only 15 
contributions (6%) focussed on developing countries; 8 articles/reviews, 3 books, 2 meeting 
abstracts, one book review and one report. 
 
Table 5.1: Number of HIA-related publications in the peer-reviewed literature between 1976 and 2007, 
stratified by HIA category and publication type. Numbers in brackets indicate whether the focus of the 
publication is on either high-developed countries, low- and middle-developed countries, or general 
 Publication period 
 1976-1990 1991-2000 2001-May 2007 Total 
Total  7 (-/1/6) 45 (26/5/14) 185 (135/9/41) 237 (161/15/61) 
HIA category 
General 6 (-/-/6) 30 (15/2/13) 110 (70/4/36) 146 (85/6/55) 
Projects 1 (-/1/-) 9 (6/3/-) 20 (14/4/2) 30 (20/8/2) 
Programmes - - 14 (12/1/1) 14(12/1/1) 
Policies - 6 (5/-/1) 41 (39/-/2) 47 (44/-/3) 
Publication type 
Articles & reviews 4 (-/-/4) 23 (14/2/7) 125 (99/6/20) 152 (113/8/31) 
Meeting abstracts - 8 (5/-/3) 37 (23/2/12) 45 (28/2/15) 
Editorials - 5 (3/-/2) 13 (7/-/6) 18 (10/-/8) 
Letters & comments - 2 (1/-/1) 6 (6/-/-) 8 (7/-/1) 
Books - 4 (2/2/-) 2 (-/1/1) 6 (2/3/1) 
Book reviews 1 (-/-/1) 2 (-/1/1) 2 (-/-/2) 5 (-/1/4) 
Reports 2 (-/1/1) 1 (1/-/-) - 3 (1/1/1) 
 
Table 5.2 shows that 89 HIA publications dealt specifically with either policies (n = 45), 
projects (n = 30) or programmes (n = 14). Among these publications, only 9 (10%) focussed on 
HIA carried out in developing countries, whereas 3 were original peer-reviewed articles (Birley, 
1995; Jobin, 2003; Utzinger et al., 2005). However, it is important to note that the number of 
publications in the peer-reviewed literature only partly reflects the amount of work done on 
HIA. Many of the completed HIAs are not publicised (‘grey literature’) or they are found on 
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online databases of organisations and companies who carried out the HIA. There are industry-
specific scientific organisations, e.g. Society of Petroleum Engineers (SPE) and Society of 
Mining Engineers (SME) that have technical meeting proceedings that include impact 
assessment presentations covering health. In addition, extractive industry trade associations, e.g. 
International Petroleum Industry Environmental Conservation Association (IPIECA) and the 
International Council on Mining and Metals (ICMM) have been active in publishing industry-
specific guides to impact assessment, including a 2005 IPIECA piece entitled “Guide for Health 
Impact Assessments” (ICMM, 2007; IPIECA, 2007). 
The WHO maintains a database (http://www.who.int/hia/en/) consisting of 143 entries of 
which 9 dealt with HIA in developing countries. On the ‘HIA gateway’ hosted by the National 
Institute for Health and Clinical Excellence of the Government of the United Kingdom 
(http://www.hiagateway.org.uk), and the International Health Impact Assessment Consortium at 
the University of Liverpool (http://www.ihia.org.uk/), respective numbers were 155 and 112, of 
which only 2 each focussed on HIA in the developing world. Finally, the large multilateral 
organisations, e.g. World Bank, International Finance Corporation (IFC) and the Asian 
Development Bank (ADB) are also active in publishing both performance standards and 
guidance materials related to impact assessment including health (IFC, 2006). Many of the 
World Bank/IFC materials are industry-specific and cover both extractive industries and water 
resources (IFC, 2007). 
Table 5.2 shows that 89 HIA publications dealt specifically with either policies (n = 45), 
projects (n = 30) or programmes (n = 14). Among these publications, only 9 (10%) focussed on 
HIA carried out in developing countries, whereas 3 were original peer-reviewed articles (Birley 
et al., 1995; Jobin, 2003; Utzinger et al., 2005). However, it is important to note that the number 
of publications in the peer-reviewed literature only partly reflects the amount of work done on 
HIA. Many of the completed HIAs are not publicised (‘grey literature’) or they are found on 
online databases of organisations and companies who carried out the HIA. There are industry-
specific scientific organizations, e.g. Society of Petroleum Engineers (SPE) and Society of 
Mining Engineers (SME) that have technical meeting proceedings that include impact 
assessment presentations covering health. In addition, extractive industry trade associations, e.g. 
International Petroleum Industry Environmental Conservation Association (IPIECA) and the 
International Council on Mining and Metals (ICMM) have been active in publishing industry-
specific guides to impact assessment, including a 2005 IPIECA piece entitled “Guide for Health 
Impact Assessments” (ICMM, 2007; IPIECA, 2007). The WHO maintains a database 
(http://www.who.int/hia/en/) consisting of 143 entries of which 9 dealt with HIA in developing 
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countries. On the ‘HIA gateway’ hosted by the National Institute for Health and Clinical 
Excellence of the Government of the United Kingdom (http://www.hiagateway.org.uk), and the 
International Health Impact Assessment Consortium at the University of Liverpool 
(http://www.ihia.org.uk/), respective numbers were 155 and 112, of which only 2 each focussed 
on HIA in the developing world. Finally, the large multilateral organisations, e.g. World Bank, 
International Finance Corporation (IFC) and the Asian Development Bank (ADB) are also 
active in publishing both performance standards and guidance materials related to impact 
assessment including health (IFC, 2006). Many of the World Bank/IFC materials are industry-
specific and cover both extractive industries and water resources (IFC, 2007). Among the 237 
identified HIA-related publications summarised in Table 5.1, 176 (74%) could be assigned to 
one or more countries, and this information was transferred onto a world map (Fig. 1). The map 
appears similar to maps used by the great explorers in the early 19th century, when large parts of 
Africa, Asia and the Americas were uncharted territory. Although some governments in the 
developing world have adapted and guided their policies towards environmental, social and 
health-friendly directions, the reality is that HIA remains the exception rather than the norm 
(Birley, 1995). Most of the HIA-related publications pertaining to projects, programmes or 
policies focussed on the United Kingdom (n = 50), the European Union (n = 26) 
 
Table 5.2: Number of publications pertaining to HIA of projects, programmes or policies, stratified by 
applied or methodological contributions, published between 1976 and 2007. Numbers in brackets indicate 
whether the focus of the publication is on either high-developed countries, low- and middle-developed 
countries, or general 
Contribution of publication   HIA category 
Applied HIA Methodological contribution Total 
Projects 18 (14/4/-) 12 (6/4/2) 30 (20/8/2) 
Programmes 9 (8/1/-) 5 (4/-/1) 14 (12/1/1) 
Policies 14 (14/-/-) 31 (30/-/1) 45 (44/-/1) 
Total 41 (36/5/-) 48 (40/4/4) 89 (76/9/4) 
 
5.4 The 6/94 gap in HIA 
Our systematic search of the peer-reviewed literature showed that the large majority of HIA-
related work published in academic journals focussed on industrialised country settings. 
Among the 237 identified HIA-related publications summarised in Table 5.1, 176 (74%) 
could be assigned to one or more countries, and this information was transferred onto a world 
map (Figure 5.1). The map appears similar to maps used by the great explorers in the early 19th 
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century, when large parts of Africa, Asia and the Americas were uncharted territory. Although 
some governments in the developing world have adapted and guided their policies towards 
environmental, social and health-friendly directions, the reality is that HIA remains the 
exception rather than the norm (Birley, 1995). Most of the HIA-related publications pertaining 
to projects, programmes or policies focussed on the United Kingdom (n = 50), the European 
Union (n = 26) followed by Australia (n = 13 2/3), and Canada (n = 13 1/3), the United States (n 
= 13) and The Netherlands (n = 10). 
As mentioned before, only 6% of HIAs published in the peer-reviewed literature focussed 
on developing countries, whereas the remaining 94% were carried out in developed countries. 
What emerges is, therefore, a major discrepancy, which we coin the 6/94 gap in HIA. This 
discrepancy is even worse than the widely known 10/90 gap in health research, i.e. 90% of 
research funding is addressing health issues that are particularly relevant in the developed world, 
but cause only 10% of the global burden of disease (Stevens, 2004).  
 
Figure 5.1: Number of publications in the peer-reviewed literature focussing either on high-developed 
countries, or low- and middle-developed countries. Fractions indicate that the focus in some publications 
was on multiple countries. Accordingly, the publication count was divided by the number of countries 
involved 
 
5.5 Reasons for the 6/94 gap in HIA 
We argue that there are 3 main reasons that govern the identified 6/94 gap in HIA, namely (i) 
weak or non-existing policies and procedures for institutionalizing HIA, (ii) shortage of human 
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and institutional capacity to conduct HIAs, and (iii) lack of intersectoral collaboration and 
political will. 
5.5.1 Weak or non-existing policy and procedure for institutionalising HIA 
In most developing countries, legislation guidelines and procedures, environmental standards 
and action plans, and mechanisms to implement and monitor HIA are simply not available or 
poorly enforced (Caussy et al., 2003). However, important exceptions are Brazil and Thailand 
(Phoolcharoen et al., 2003). In Brazil, for example, Law 6938 was enacted on 31 August 1981, 
defining a national environmental policy and setting up the national system for the environment 
comprising federal, state and local agencies. It required the production and approval of an 
environmental impact assessment (EIA) for any major infrastructure project.  
5.5.2 Lack of human and institutional capacity to conduct HIA  
There is a paucity of trained specialists with public health, social sciences, environmental 
sciences or economics backgrounds to cover all aspects of the planning and execution of HIAs, 
and sound surveillance systems for monitoring environmentally-linked diseases and injuries are 
often lacking (Birley, 1995). Instead, HIAs are usually conducted by consultants hired by the 
project proponent, and property rights remain with the operators (e.g. corporations) who issue 
the contract. Sensitive issues, including health considerations (e.g. possible impact on 
HIV/AIDS) are often kept confidential (Birley, 1995). The triangle formed by operators, 
governments and development banks keep many of the HIAs and mitigation experiences away 
from public view. Therefore, World Bank, ADB and IFC involvement should enhance 
information access and transparency. However, the pressure to publicly release information is 
often the result of activist groups who closely follow both extractive industry/water resources 
development and the activities of the large multi-lateral organisations (International Rivers 
Network, 2007). 
5.5.3 Inadequate intersectoral collaboration and the lack of political will 
In those countries in the developed world that have institutionalized HIA, the academic 
community and consultancy firms are more involved in the process and progress of a HIA. The 
civil society in developing countries is less organized and powerful than in industrialised 
countries. Moreover, people in the developing world are less informed about the potential 
impact of a project, programme or policy on the environment, health and social wellbeing due to 
a paucity of information, illiteracy and lack of experience. As a consequence, affected 
communities are less likely to form advocacy groups and human rights activism to claim rights 
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for land, water and air quality, which would, as a final consequence, urge private enterprises or 
government institutions to perform HIA (Mittelmark, 2001; Birley, 2005; Wright et al., 2005). 
5.6 The need for HIA in the developing world 
5.6.1 General considerations  
We conjecture that the need for HIA in developing countries is considerable, and that there are 
important differences when compared to needs in industrialised countries. One obvious point is 
that more than two thirds of the world's population already lives in the developing world. 
Regarding health, an important difference between developed and developing countries is that 
environmental determinants are more significant in the developing world. For example, a study 
coordinated by the WHO showed that a major fraction of the disability-adjusted life years 
(DALYs) lost in developing countries is due to adverse environmental conditions. These 
environmental conditions produce physical, chemical and biological hazards that directly lead to 
disability and even mortality (WHO, 2006b; Anonymous, 2007). Particularly with regard to 
infectious diseases, the condition of the components of the environment (e.g. temperature, 
rainfall and vegetation) in developing countries is a crucial factor for the transmission of 
infectious diseases (Listori and Doumani, 2001). Thus, vector- and water-borne diseases are key 
public-health issues in tropical and sub-tropical areas. Water resources development, such as 
large dams and irrigation systems have a history of enhancing the risk of water-based and 
vector-borne diseases, including schistosomiasis, lymphatic filariasis, malaria and Japanese 
encephalitis (Erlanger et al., 2005; Keiser et al., 2005a; Keiser et al., 2005b; Steinmann et al., 
2006). 
Sexually-transmitted infections, including HIV/ AIDS, are of great public-health 
significance in developing countries and infrastructure developments that are associated with 
significant population movements (e.g. young adult men recruited from abroad for major 
construction works) are likely to alter the frequency and transmission dynamics of sexually-
transmitted infections (Krieger et al., 2004). Moreover, per capita health expenditure in the 
developing world is small and health impacts caused by infrastructure developments can disrupt 
health budgets (WHO, 2006a; b). 
Poor communities in the developing world are particularly vulnerable to negative effects 
caused by the construction, operation and eventual decommissioning of large infrastructure 
projects. In this regard, involuntary resettlement of entire communities is a common feature of 
large-scale development projects. These types of impacts have been traditionally covered by the 
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so-called safeguard directives published by the World Bank and IFC. The safeguard directives 
have invariably focussed on environmental and social issues with minimal coverage of 
community health concerns and other project-related impacts (World Bank, 1990; 2001). 
For achieving sound economic growth, developing countries depend on foreign 
investments. This limits their freedom to decide over domestic priorities and local interests such 
as environmental, social and health safeguards and sustainability. Potential conflicts of interest 
are intensified by the fact that a large portion of the GDP of developing countries is generated 
by the extraction of natural resources and the agricultural sector. 
5.6.2 Extractive industry and water resources development 
Next, we discuss two examples from the extractive industry and water resources sectors in light 
of current and future multi-billion dollar investments. The extractive industries will be 
illustrated by projects from the energy (oil and gas) sector. 
Petroleum and water resources development are often felt to be associated with negative 
effects on health and the environment (Birley, 1995; Lerer and Scudder, 1999; WCD, 2000; 
Jobin, 2003; Birley, 2005). Figure 5.2 shows current and predicted mean annual investment in 
oil exploration and development covering the period 2001–2010, according to the International 
Energy Agency (IEA) (IEA, 2003). 
The member countries of the Organization for Economic Cooperation and Development 
(OECD) are the primary investors (US$ 23 billion), followed by countries with transition 
economies (i.e. former Soviet Union; US$ 14 billion). Projections for the Middle East, which 
holds the most significant oil deposits, are at US$ 13 billion. For African countries projected 
investments are on the order of US$ 11 billion. Since exploration of oil deposits will primarily 
occur in developing countries where HIA practice is scarce, it is anticipated that many of the 
projects will be implemented without prior HIA. 
Figure 5.3 shows river basins where at least 10 very large dams (height: > 60 m, capacity: 
> 100 MW) are currently built or planned (WWF, 2004). All these dams will be built in tropical 
or sub-tropical parts of the world in countries with emerging economies (e.g. Brazil, China, 
India and Thailand). With the exception of Thailand these countries have limited experience and 
no legal foundations for conducting HIA (Phoolcharoen et al., 2003; Charerntanyarak et al., 
2005). 
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Figure 5.2: Current and predicted mean annual investments in oil exploration and development covering the 
period 2001-2010, according to IEA (IEA, 2003) 
 
Figure 5.3: Number of very large dams (height: > 60 m, capacity: > 100 MW) currently built or planned. Only 
those river basins are mapped where at least 10 very large dams are projected. Source: World Wildlife Fund 
(WWF, 2004) 
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At a global scale, there are over 2000 large dams (height: > 15 m, volume: > 3 million m3) 
planned or under construction, many of which will be implemented in some of the poorest 
countries of sub-Saharan Africa (WCD, 2000; Giles, 2006). Building these dams in an 
environmental and socially sustainable manner with potential negative effects minimised 
represents a formidable challenge and calls for HIA supported by political will and law 
enforcement. 
5.6.3 China’s investment in extractive industry and hydropower projects in Africa 
The pressing need for an international entity that can enforce HIA for major infrastructure 
projects is evident, as the investment for development projects will not necessarily come from 
developed countries or international donors where standard operating procedures have been 
established in the recent past for environmental, health and social safeguards. South-to-South 
investment, mainly driven by emerging economies is becoming more important (Gelb, 2005).  
This issue can be exemplified by China's foreign activities in the energy and extractive 
industry sectors. China's economy has grown by almost 10% annually over the past two 
decades, paralleled by an exponential growth in energy and raw goods consumption (World 
Bank, 2006). China is the biggest player in an ongoing broader trend in the world of rapidly 
growing South-to-South investments and trade. In 2005, China had a trade record of US$ 40 
billion and it ranked at position three with regard to Africa's leading commercial partners. In 
2006, China has lent US$ 8.1 billion to Angola, Mozambique and Nigeria; more than three 
times the amount of the Word Bank (2.3 billion in the same year) (French, 2006). To meet 
China's growing demand in energy supply, private and public sectors invest in their domestic 
economy, but increasingly so in resource-rich developing countries. In 2005, for example, 
Chinese private companies invested around US$ 200 million in infrastructure development and 
exploration of petroleum. A state-owned Chinese energy company bought a stake in a Nigerian 
off-shore oil field for US$ 2.27 billion and China's share of oil exports in Sudan in 2005 was 
40% (Pan, 2006). 
In addition, a dozen new dam projects are under construction across Africa, facilitated by 
Chinese expertise and financial resources. For example, construction works are underway to 
build the Tezeke hydropower project near Addis Abeba, Ethiopia, with China investing US$ 250 
million. China is involved in the US$ 1 billion Merowe high dam in Sudan, the largest 
hydropower project ever implemented in Africa. There is considerable concern about social and 
environmental consequences, particularly for poor communities that are directly affected by the 
project such as the 10,000 families that were resettled (Giles, 2006). In early 2007 the Chinese 
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government announced the formation of an agency to oversee investments of its US$ 1 trillion 
in foreign currency reserves (Yardley and Barboza, 2007). 
Oil exploration and hydropower projects are often implemented in remote areas of sub-
Saharan Africa with ecosystems and populations that are particularly vulnerable. The 
importance of conducting sound HIAs in these settings can therefore not be overemphasised. 
However, the demands for HIA in the early phases of infrastructure projects are not met due to 
several reasons. First, it remains to be seen whether Chinese enterprises will follow international 
standards in environmental and social sustainability, such as the ‘Equator Principles’ that are 
advocated by IFC. These safeguard policies were designed by a group of independent lending 
banks and encourage investors to consider environmental and social impacts (IFC, 2006; 2007). 
Second, investment from international donors is often bound to a set of requirements, such as 
safeguards proposed by the World Bank and ‘good governance’ (Mercier, 2003). Chinese–
African relations can be seen as “strategic partnerships” built around mutual benefit, reciprocity 
and common prosperity (Traub, 2006). Hence, there is concern that China's potent investments 
in Africa will not be bound to environmental, health and social safeguards. Moreover, China and 
African governments have limited expertise in HIA and in enforcing environmental laws. Thus, 
significant assistance from the outside might be needed to meet the growing need for HIA. 
5.7 HIA in the developing world – narrowing the 6/94 gap 
To strengthen HIA in developing countries, there is a need to overcome current shortcomings in 
policy and practice. Good policy on HIA encompasses legislation guidelines and procedures, 
environmental standards, a well-defined public-health action plan, and mechanisms for 
implementing and monitoring mitigation measures (Frankish et al., 2001). However, at present, 
HIA is largely subsumed within the existing environmental and social impact assessment 
practice framework. The large multi-lateral lending institutions have a critical role both as 
developers of specific performance standards and guidance and as project compliance monitors. 
Specific directed focus on health is essential. Traditionally, health is considered as one of the 
major 5 human sustainability capitals, e.g. physical, financial, human (including education and 
health), social and environmental; hence, the subordination of human capital considerations 
within environmental and/or social may not be an ideal situation for focussing attention on 
health impact concerns. To date, the academic community, as illustrated by our systematic 
review, has largely self-marginalised itself by virtue of its western country focus. Active 
academic community participation in developing country HIA has been minimal, despite a 
significant rise in overall publications. An enabling environment for HIA will entail integrated 
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and functioning networks that can provide reasonable baseline health data that can be used for 
future project impact surveillance. The lack of a formal, transparent and scientifically based pre-
project health baseline is a major limitation to many of the ongoing developing country 
infrastructure projects. Conceivably, there should be a clear opportunity for capacity-building 
between project proponents, host governments and lenders in this area. The INDEPTH Network 
of demographic surveillance system field sites is one example of a collaborative existing 
platform that could have great applicability for large infrastructure projects in the developing 
world (INDEPTH, 2007). 
Within the developing world infrastructure development context, the application of the 
HIA process can be readily extended to health sector reforms as well as any other reforms, trade 
agreements and international regulations imposed by international organizations and donors. 
Agreements by the World Trade Organization (WTO), for example, should take into account not 
only economic aspects, but decision processes should also consider potential health 
consequences (Labonte, 1998). Regarding WTO, the agreement on sanitary and phytosanitary 
(SPS) measures can have positive impact on public-health in developing countries, but at the 
present time it also poses a considerable financial and capacity burden. Indeed the SPS 
agreement represents a positive step forward on health surveillance and disease reporting that 
has no counterpart in current thinking about HIAs and essential follow-up activities once 
projects are underway (Fidler, 1999; WTO, 2007). The same applies to countries that go through 
structural adjustment programmes put forward by the IMF and the World Bank. They can affect 
the health sector directly or indirectly causing potentially adverse effects (Denoon, 1995; Bond 
and Dor, 2003; Homedes and Ugalde, 2005). 
In the private sector, an attempt to define international guidelines for sustainable 
investment was made by the financial industry. The agreement, known as the ‘Equator 
Principles’, mentioned before, is a financial industry benchmark for determining, assessing and 
managing social and environmental risks in project financing. It is a voluntary code of standards 
when making loans to large infrastructure projects, particularly in developing countries. 
However, health lacks prominence in the ‘Equator Principles’ and this issue should be remedied. 
A main criticism put forward by NGOs is that the ‘Equator Principles’ lack a legal basis, i.e. 
they are voluntary and that there is no liability for negative impacts caused by the financed 
projects (Equator Principles, 2006). 
At present, there is no international entity that could enforce ‘social’ clauses to trade and 
investment to ensure that they are socially just and sustainable (Lee et al., 2007). The academic 
public-health community is playing a minimalist role in the breakneck pace of developing 
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country infrastructure development. The health impact consequences of this expansion are 
generally unexamined by the professional public-health community. We argue that while there 
is a great need for pre-project health assessment, a greater need may exist in longitudinal 
monitoring over the lifespan of a major industrial project. How this long-term monitoring should 
be transparently performed and released is uncertain. One potential option is an international 
organisation that can monitor and report on the project-specific public-health mitigation action 
plans that should follow every HIA. A similar process is ongoing for both environmental and 
social mitigation action plans via both national governments and international NGO activism 
(Labonte, 1998; Scott-Samuel and O'Keefe, 2007). There is no reason why health should be an 
exception to this overall trend in transparency. In a developing country context, while the need 
for health accountability is obvious, the 6/94 gap indicates that the professional public-health 
community has a long road to travel. 
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6.1 Abstract 
Japanese encephalitis is a disease caused by an arbovirus that is spread by marsh birds, 
amplified by pigs, and mainly transmitted by the bite of infected Culex tritaeniorhynchus 
mosquitoes. The estimated annual incidence and mortality rates are 30,000–50,000 and 10,000, 
respectively, and the estimated global burden of Japanese encephalitis in 2002 was 709,000 
disability-adjusted life years lost. Here, we discuss the contextual determinants of Japanese 
encephalitis, and systematically examine studies assessing the relationship between irrigated rice 
agriculture and clinical parameters of Japanese encephalitis. Estimates of the sizes of the rural 
population and population in irrigated areas are presented, and trends of the rural population, the 
rice-irrigated area, and the rice production are analysed from 1963 to 2003. We find that 
approximately 1.9 billion people currently live in rural Japanese encephalitis prone areas of the 
world. Among them 220 million people live in proximity to rice-irrigation schemes. In 2003, the 
total rice harvested area of all Japanese encephalitis endemic countries (excluding the Russian 
Federation and Australia) was 1,345,000 km2. This is an increase of 22% over the past 40 years. 
Meanwhile, the total rice production in these countries has risen from 226 millions of tonnes to 
529 millions of tonnes (+134%). Finally, we evaluate the effect of different vector control 
interventions in rice fields, including environmental measures (i.e. alternate wet and dry 
irrigation (AWDI)), and biological control approaches (i.e. bacteria, nematodes, invertebrate 
predators, larvivorous fish, fungi and other natural products). We conclude that in Japanese 
encephalitis endemic rural settings, where vaccination rates are often low, an integrated vector 
management approach with AWDI and the use of larvivorous fish as its main components can 
reduce vector populations, and hence has the potential to reduce the transmission level and the 
burden of Japanese encephalitis. 
 
Keywords: Japanese encephalitis, geographical distribution, global burden, vector control, rice 
agriculture, irrigation, integrated vector management, environmental control, biological control 
6.2 Introduction 
Japanese encephalitis is a mosquito-borne viral disease. The Japanese encephalitis virus is a 
member of the family Flaviviridae. Clinically apparent infection takes place in one out of 200–
300 infected patients (Pugachev et al., 2003). The disease is characterised by a wide range of 
presentations, as both the symptoms and the clinical course can differ broadly among patients. 
They range from mild flu-like symptoms to considerable neurological symptoms, such as rigors, 
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convulsions, polio-like flaccid paralysis, seizures or encephalomyelitis. Severe clinical cases are 
likely to have life-long neurological sequelae. Mostly children and young adults are affected 
(Solomon et al., 2000; Tsai, 2000; Ding et al., 2003; Halstead and Jacobson, 2003). The annual 
incidence and mortality estimates for Japanese encephalitis are 30,000–50,000 and 10,000, 
respectively (Solomon, 2004). However, there is estimated to be severe under-reporting of 
Japanese encephalitis and one study estimated the annual incidence at 175,000 per year (Tsai, 
2000). Japanese encephalitis outbreaks occur in cycles that may be linked to climatic patterns 
and the immune status of the populations. The great majority of cases and death occur in World 
Health Organization (WHO) regions of South-east Asia and the Western Pacific. In 2002, the 
estimated global burden of Japanese encephalitis was 709,000 disability adjusted life years 
(DALYs) lost (WHO, 2004). At present, there are no established antiviral treatments against JE. 
Interferon alpha was the most promising drug in small open-label trials, but it failed to affect the 
outcome in children with JE (Solomon et al., 2003). 
There has been a changing pattern in the epidemiology of Japanese encephalitis. On the 
one hand, primarily due to extensive vaccination campaigns, Japanese encephalitis has been 
almost eliminated in many economically advanced countries of East Asia and South-east Asia 
(i.e. Japan, Republic of Korea and Taiwan) and the burden of Japanese encephalitis has been 
substantially reduced in many other endemic countries (Halstead and Jacobson, 2003). On the 
other hand, intensified transmission has been observed in other parts of South-east Asia and the 
Western Pacific, most likely due to an expansion of irrigated agriculture and pig husbandry, as 
well as changing climatic factors. Water resource development and management, in particular 
flooded rice production systems, are considered among the chief causes for several Japanese 
encephalitis outbreaks (Amerasinghe and Ariyasena, 1991; Akiba et al., 2001). Conversely, the 
occurrence of the disease has changed considerably over the past 50 years (Solomon et al., 
2000). At present, the geographical distribution of Japanese encephalitis ranges from Japan, 
maritime Siberia and the Republic of Korea in the North, to most parts of China and the 
Philippines in the East, Papua New Guinea in the South, and India and Nepal in the West 
(Broom et al., 2003). Recent outbreaks of Japanese encephalitis have been reported southward 
in Australia, and westward in Pakistan (Solomon et al., 2000). 
Currently, approximately 90% of the world’s rice is produced in Asia (CGIAR et al., 
1998). In most of the countries where Japanese encephalitis outbreaks have been reported, rice 
is not only a staple food, but rice growing also is a major economic activity and key source of 
employment and income generation (CGIAR et al., 1998). Efforts to further enhance the high 
annual rice production in these areas are essential to maintain food security. It is predicted that 
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in the next 25 years the demand for rice will rise by 65% in the Philippines, 51% in Bangladesh, 
45% in Viet Nam and 38% in Indonesia (http://www.biotech-info.net/riceexpert.html). Thailand, 
for example, is already in the planning stages of designing new rice-irrigation schemes for year 
round irrigation (CGIAR et al., 1998). Hence, there is considerable concern in public health 
circles, that the intensification of rice production systems as well as the extension of the flooded 
surface area, particularly in semi-arid areas, contribute greatly to increased frequencies and 
intensities of Japanese encephalitis outbreaks. 
The objectives of this paper are (i) to evaluate the effect of irrigated rice agriculture on the 
burden of Japanese encephalitis; and (ii) to review different vector control interventions and 
discuss challenges and opportunities for integrated vector management (IVM). The remainder of 
this paper is structured as follows. First, we put forward contextual determinants of Japanese 
encephalitis, highlighting the important role of rice agro-ecosystems on Japanese encephalitis 
vector populations. Second, we review studies assessing the relationship between irrigated rice 
growing and clinical parameters of Japanese encephalitis. Third, we present estimates of the 
population living in proximity to irrigation and rice-irrigation schemes in Japanese encephalitis 
prone areas, stratified by relevant WHO sub-regions of the world (WHO, 2004). Fourth, we 
quantify the changes of the rice-irrigated area, rice production, and rural population sizes over 
the past 40 years, in countries where Japanese encephalitis is currently endemic. Finally, we re-
viewed studies that employed different environmental and biological control interventions to 
reduce larval Japanese encephalitis vector populations, which have been implemented in 
irrigated rice production systems.  
6.3 Contextual determinants 
Figure 6.1 depicts the contextual determinants of Japanese encephalitis. The most important 
epidemiological features that govern the transmission of Japanese encephalitis include (i) 
environmental factors, i.e. agricultural practice, altitude, climate and the presence of pigs and 
marsh birds; (ii) human immunisation rates and vector control measures; and (iii) socio-
economic parameters. 
The principal vector of Japanese encephalitis is Culex tritaeniorhynchus. Female 
specimens are infective 9–10 days after having taken the viraemic blood meal, having 
undergone three gonotropic cycles (Gajanana et al., 1997). Other culicine mosquitoes that can 
transmit Japanese encephalitis include Cx. bitaeniorhynchus, Cx. epidesmus, Cx. fuscocephala, 
Cx. gelidus, Cx. pseudovishnui, Cx. sitiens, Cx. vishnui and Cx. whitmorei (Sehgal and Dutta, 
2003). In Australia, Cx. annulirostris was found to be the major Japanese encephalitis vector 
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species (Hanna et al., 1996). In a recent study in Kerala, South India, Japanese encephalitis was 
isolated from Mansonia indiana (Arunachalam et al., 2004). Although Japanese encephalitis 
vectors are able to breed in ground water habitats, sunlit pools, roadside ditches, tidal marshes of 
low salinity, or man-made containers, one of their major preferred larval habitats are rice fields 
(Mogi, 1984; Sucharit et al., 1989). The ecology of Culex spp. in rice fields has been studied 
and reviewed in great detail (Suzuki, 1967; Lacey and Lacey, 1990). Since very high densities 
of Japanese encephalitis vector species were found consistently in rice fields, it was concluded 
that the impact of these man-made breeding sites is much more important than that of natural 
breeding places. For example, a significant increase in the abundance of Cx. tritaeniorhynchus 
and increased human vector contacts have been noted following completion of the large rice-
irrigation scheme in the Mahaweli project, Sri Lanka (Amerasinghe and Ariyasena, 1991; 
Amerasinghe, 1995). 
 
Figure 6.1: Contextual determinants of Japanese encephalitis 
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Japanese encephalitis vector abundance is closely related to agro-climatic features (Peiris et al., 
1993; Phukan et al., 2004), most notably temperature and monthly rainfall (Suroso, 1989; 
Solomon et al., 2000; Bi et al., 2003). In addition, potential Japanese encephalitis vectors were 
rarely found at altitudes above 1200 m (Peiris et al., 1993). However, the most important 
causative factor of Japanese encephalitis is the management of paddy water, and the peak 
periods of mosquito abundance are associated with cycles in local agricultural practices. In 
Thailand, the highest numbers of larvae and pupae of Japanese encephalitis vectors were 
collected when the rice fields were ploughed with water in the fields (also termed puddling). 
The vector population decreased after transplanting when the fields were flooded, and stayed 
low until harvesting (Somboon et al., 1989). In Malaysia, small plots in the rice fields, which 
are common before planting and contain vegetation, were found to be conducive to enhanced 
breeding of Japanese encephalitis vectors; up to 40 pupae were collected per m2 (Heathcote, 
1970). Furthermore, the height of the rice plants, water temperature, dissolved oxygen, ammonia 
nitrogen and nitrate nitrogen strongly influence the abundance of immatures (Sunish and 
Reuben, 2001). The practice of paddy cultivation, proximity of houses to water bodies and 
suitable climatic factors were the most important environmental factors associated with several 
recent Japanese encephalitis outbreaks in Northeast India (Phukan et al., 2004). 
The presence of pigs and marsh birds is crucial in the aetiology of Japanese encephalitis, 
as the virus is carried by birds and amplified by pigs (Broom et al., 2003). The latter are the 
most important natural hosts for transmission of Japanese encephalitis to humans. Pigs have 
high and prolonged viraemias, are often common in endemic countries, and are generally reared 
in open and unroofed pigpens, which are located near houses (Mishra et al., 1984; Solomon et 
al., 2000). In 2004, the world’s pig population was estimated at 951 million, of which 60% are 
found in Asia (http//:www.faostat.fao.org). In this part of the world pig farming has increased 
considerably over the past 10 years, from 490 million pigs in 1994 to 574 million in 2004 
(+17.1%) (http://www.faostat.fao.org). Humans, goats, cattle and horses are considered dead-
end hosts (Reuben et al., 1992). For example, in the Thanjavur district, India, an area with 
extensive rice agriculture, a very low Japanese encephalitis incidence has been reported. This 
has been explained by a high cattle to pig ratio (400:1) (Vijayarani and Gajanana, 2000). The 
important role of birds was demonstrated in Indian villages with and without herons in close 
proximity. In rice-growing villages without herons, sero-conversion rates in children aged 0–5 
and 6–15 years were 0% and 5%, respectively. In ecologically-similar villages with herons, the 
corresponding rates were 50% and 56%, respectively (Mani et al., 1991a). 
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The second category of contextual determinants comprises vaccination and transmission 
interruption strategies. Later in this paper, we review the effects of different environmental and 
biological control interventions in rice fields. Though Japanese encephalitis vectors tend to bite 
and rest outdoors, self-protection behaviour, such as sleeping under insecticide-treated nets 
(ITNs), using insect repellents, and insect-proofing homes and work places, might also assist in 
reducing Japanese encephalitis transmission (WHO, 1997). For example, a population-based 
case-control study in China, which evaluated the protective effect of ITNs against Japanese 
encephalitis, showed that the risk of infection among children below 10 years was greatly 
reduced (Luo et al., 1994). On the other hand, all 187 serologically confirmed Japanese 
encephalitis cases in recent outbreaks in Northeast India reported that they had slept under a bed 
net (Phukan et al., 2004). Furthermore, application of deet-permethrin soap (‘Mosbar’) led to an 
89–100% reduction in man-vector contact, including vectors transmitting Japanese encephalitis 
(Mani et al., 1991b). 
The third broad category of determinants that govern Japanese encephalitis transmission 
relate to people’s socio-economic status. In Central China, more Japanese encephalitis cases 
were observed among children living in poor quality houses and whose parents had lower 
income. However, the sample size of the study was small, which might explain why the 
associations were not statistically significant (Luo et al., 1995). Religion, exposure to domestic 
animals and household crowding were also described as risk factors associated with Japanese 
encephalitis (Halstead and Jacobson, 2003). 
6.4 Rice irrigation and Japanese encephalitis incidence 
As summarised in the previous section, the management of paddy water strongly influences the 
transmission of Japanese encephalitis. Hence, we were motivated to conduct a systematic 
literature review to identify published work with an emphasis on the relationship between rice 
irrigation and Japanese encephalitis. We searched Biosis previews, Ovid Technologies, Medline 
and the Web of Science applying the following keywords: “Japanese encephalitis” and “water”, 
or “rice”, or “irrigation”, or “rice irrigation and agriculture”, or “paddy”, or “field”. Papers 
published in English, French or German were included. We also considered manuscripts written 
in Chinese, Japanese or Korean, if abstracts of these papers were accessible in English on the 
above-mentioned databases. The key findings of our literature review are summarised here. 
Four studies in India analysed the presence of rice irrigation and vector abundance in 
relation to the incidence of Japanese encephalitis. In the Gorakhpur district in Uttar Pradesh, and 
the Mandya district of Karnataka, areas extensively developed for irrigated rice agriculture, the 
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occurrence of Japanese encephalitis was closely associated with high vector densities, breeding 
in the fields or the canal system. The highest numbers of Japanese encephalitis cases were 
observed shortly after the mosquito densities peaked (Mishra et al., 1984; Kanojia et al., 2003). 
In addition, in the Mandya district, a high incidence of Japanese encephalitis was found in 
extensively irrigated areas, while few cases occurred in villages with less irrigation or no 
irrigation systems (Geevarghese et al., 1994). In Assam, 78.6% of the Japanese encephalitis 
cases occurred in families practicing rice cultivation (Phukan et al., 2004). 
Based on an epidemiological, serological and clinical study of 54 Japanese encephalitis 
patients in the Northern Philippines, 41 cases (76%) were associated with irrigated rice fields 
and only one patient (2%) could not be linked to rice irrigation (Barzaga, 1989). In Taiwan, 
Japanese encephalitis was monitored over 4 years and the highest numbers of cases were 
observed in the counties with the highest number of rice paddies (e.g. in Ilan county in 1969 a 
morbidity rate of 5.5 per 100,000 inhabitants). Fewer cases occurred in areas where dry farming 
had been adopted (e.g. in Yunlin county in 1969 a morbidity rate of 0.64 per 100,000 
inhabitants) and no cases were reported in non-rice cultivated provinces (Okuno et al., 1975). 
In 1985–1986 in the Mahaweli System H, Sri Lanka, an epidemic of Japanese encephalitis 
occurred, resulting in more than 400 cases and 76 deaths. In 1987–1988 a second outbreak took 
place with > 760 cases and 138 deaths. The promotion of smallholder pig husbandry was 
suspected to be responsible for these outbreaks. The highest number of cases occurred in areas 
with irrigation and pig husbandry, while no cases were reported from non-irrigated areas with 
few pigs (Amerasinghe, 2003). 
6.5 Population at risk 
In order to estimate the current population at risk of Japanese encephalitis, we first compiled a 
list of all countries where Japanese encephalitis epidemics or sporadic cases have been reported 
(http://www.cdc.gov). The countries were grouped into different epidemiological sub-regions of 
the world, according to recent classifications of WHO, which is based primarily on child and 
adult mortality rates (WHO, 2004). The Japanese encephalitis endemic countries are located in 
seven of the 14 WHO sub-regions (Table 6.1). 
Though sporadic Japanese encephalitis cases have been reported from peri-urban areas, 
disease occurrence is largely restricted to rural settings (Self et al., 1973; Solomon et al., 2000). 
Hence, in Table 6.1 we show data on the rural population for the individual Japanese 
encephalitis endemic countries only (UN, 2004). For those countries, where Japanese 
encephalitis is endemic only in certain parts of the rural areas (e.g. in the Russian Federation 
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Japanese encephalitis outbreaks have been observed only in far Eastern maritime areas South of 
Chabarovsk (http://www.cdc.gov), we determined the rural endemic population of these areas 
consulting Encarta Encyclopaedia (Microsoft Corporation, 2004). 
 
Table 6.1: Rural population/population in irrigated areas in Japanese encephalitis endemic countries 
stratified by relevant WHO sub-regions of the world 
The Americas 
WHO sub-region 3 
United States of America: Guam (150 / n.d.) and Saipan (40 / n.d.) 
Eastern Mediterranean 
WHO sub-region 7  
Pakistan1 (16,750 / 4001) 
Europe 
WHO sub-region 10 
Russian Federation2 (614 / n.d.) 
South-East Asia  
WHO sub-region 11  
Indonesia (119,589 / 3033), Sri Lanka (15,057 / 1461), Thailand (42,796 / 4114) 
WHO sub-region 12 
Bangladesh3 (111 165 / 28,958), Bhutan3 (2065 / 17), Democratic People’s Republic of Korea (8818 / 1066), India4
(646,100 / 100,873), Myanmar (34,927 / 809), Nepal5 (12,500 / 329), Timor-Leste (719 / 51) 
Western-Pacific 
WHO sub-region 13  
Australia6 (15 / n.d.), Brunei Darussalam (85 / < 1), Japan7 (25,113 / 2376), Singapore (< 100 / n.d.) 
WHO sub-region 14  
Cambodia (11,514 / 172), China8 (766,757 / 24,796), Lao People’s Democratic Republic (4489 / 30), Malaysia 
(8814 / 99), Papua New Guinea (4958 / n.d.), Philipines (31,182 / 1,612), Republic of Korea (9395 / 1081), Viet 
Nam (60,441 / 5460) 
n.d. : no data currently available:All numbers in thousand 
1: Areas around Karachi and in the Lower Indus Valley, province of Sind (CDC, 2004, http://www.cdc.gov); 
population estimates taken from (UN, 2004) and (Microsoft Corporation, 2004) 
2: Far Eastern maritime areas south of Chabarovsk (administrative district of Primorskij Kraij) (CDC, 2004, 
http://www.cdc.gov); population estimates taken from (UN, 2004) and (Microsoft Corporation, 2004) 
3: Bangladesh and Bhutan are potential Japanese encephalitis endemic countries, but due to lack of data the 
situation has to be clarified (CDC, 2004, http://www.cdc.gov) 
4: Reported cases from all states except Arunachal, Dadra, Daman, Diu, Gujarat, Himachal, Jammu, Kashmir, 
Lakshadweep, Meghalaya, Nagar Haveli, Orissa, Punjab, Rajasthan and Sikkim (CDC, 2004, http://www.cdc.gov/); 
population estimates taken from (UN, 2004) and (Microsoft Corporation, 2004) 
5: Hyperendemic in southern Terai lowlands (BBIN, 2004) 
6: Outbreaks on the Islands of Torres Strait and on mainland Australia at Cape York Peninsula (Hanna et al., 1996); 
at-risk to Japanese encephalitis assumed for all inhabitants at Cape York Peninsula; population estimates from (UN, 
2004) and (Microsoft Corporation, 2004) 
7: Rare-sporadic cases on all islands except Hokkaido; population estimates taken from (UN, 2004) and (Microsoft 
Corporation, 2004) 
8: Cases in all provinces except Xizang (Tibet), Xinjiang, Qinghai (CDC, 2004, http://www.cdc.gov); population 
estimates taken from (UN, 2004) and (Microsoft Corporation, 2004) 
 
Part III 
98 
We find that approximately 1.9 billion people currently live in rural Japanese encephalitis prone 
areas of the world, the majority of them in China (766 million) and India (646 million) (Tables 
6.1 and 6.2). This figure is in line with a recent ‘population at risk estimate’, quoting a 
population of 2 billion, with 700 million children under the age of 15 years living in Japanese 
encephalitis endemic areas (Tsai, 2000). 
As discussed above surface irrigation is an important risk factor in the epidemiology of 
Japanese encephalitis. Consequently, in Table 6.2 we present the size of the total irrigated and 
the rice-irrigated land in Japanese encephalitis endemic areas, together with data on populations 
at risk from these areas and estimated DALYs lost, stratified by the relevant WHO sub-regions. 
The numbers on the irrigated and the rice-irrigated areas in Japanese encephalitis prone areas 
were calculated by multiplying the total national irrigated and rice-irrigated area 
(http://www.fao.org) by the ‘endemic fraction’ (e.g. 17.7% of Pakistan’s population is estimated 
to live in the endemic area, hence we assume that 17.7% of both the total area and the rice-
irrigated areas are located in Japanese encephalitis prone areas). The sizes of the populations in 
Japanese encephalitis endemic irrigated areas and Japanese encephalitis endemic rice areas were 
estimated by multiplying the average national rural population densities (UN, 2004) by the total 
endemic area under irrigation and rice paddies, respectively. 
According to our estimates 1,025,000–1,080,000 km2 of land is irrigated in Japanese 
encephalitis prone areas. We find that currently 180–220 million people are living in proximity 
to irrigation or rice-irrigation schemes in the Japanese encephalitis endemic regions, and thus 
are at risk of contracting the disease (Table 6.2). 
Irrigated agriculture is most pronounced in WHO sub-region 12. According to our 
estimates 132–167 million people live in Japanese encephalitis endemic irrigated areas in this 
WHO sub-region (Table 6.2). The estimated global burden of Japanese encephalitis in 2002 was 
709,000 DALYs. WHO sub-regions 12 and 14 currently bear 84% of this burden (597,000 
DALYs). The remaining 16% are thought to occur in WHO sub-regions 7 and 11, whereas no 
information is currently available for WHO sub-regions 3, 10 and 13 
6.6 Trend of rice agriculture in Japanese encephalitis endemic WHO sub-
regions 
We compiled data for the relevant WHO sub-regions on the rice harvested area and rice 
production between 1963 and 2003, which is available at <http://faostat.fao.org>. No distinction 
could be made between rain-fed rice and irrigated rice and no information was available on the 
intensity of the irrigated rice production (single, double or triple cropping). 
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No data was obtainable for the Japanese encephalitis endemic countries of WHO sub-region 3 
(Guam and Saipan) and Singapore. We excluded data on the rice harvested area and rice 
production in the Russian Federation, because the current size of the Japanese encephalitis 
endemic area there is small compared to the rest of the Japanese encephalitis endemic countries. 
We furthermore excluded Australia, as outbreaks have so far only be reported on the Torres 
Strait Islands and on mainland Australia at Cape York Peninsula (Hanna et al., 1996). 
As mentioned above rice agriculture accounted for up to 1,080,000 km2 in all Japanese 
encephalitis prone areas in 2003. In the same year the total rice harvested area of these 
countries, including the non- Japanese encephalitis endemic regions, was 1,345,000 km2. This is 
an increase of 22% over the past 40 years. In some of these countries the rice irrigated area has 
almost doubled over the period investigated. For example, in Pakistan the irrigated area 
increased from 12,861 km2 in 1963 to 22,100 km2 in 2003 (+72%). Marked declines in the rice-
irrigated area have been observed in other countries. In Japan, for example, the rice-irrigated 
area has been halved (32,760 km2 in 1963 to 16,650 km2 in 2003). 
In Figure 2 we present the changes of the rice-irrigated area over the past 4 decades for 5 
of the 7 relevant WHO sub-regions, where Japanese encephalitis has been reported to be a 
significant public health problem. In WHO sub-regions 11 and 12, a substantial increase in the 
rice-irrigated area is apparent. In WHO sub-region 7 (Pakistan) the rice area grew until 1993, 
but remained stable over the past 10 years. Meanwhile, the rice-irrigated area has decreased in 
WHO sub-region 13. And finally, in WHO sub-region 14, a substantial expansion of the rice-
irrigated area has occurred between 1963 and 1973, but has decreased thereafter. 
The total rice production has risen from 226 millions of tonnes in 1963 to 529 millions of 
tonnes in 2003 (+134%). The most significant increases of rice production occurred in WHO 
sub-regions 7, 11, 12 and 14, as shown in Figure 6.2. On the other hand, in WHO sub-region 13 
(mainly Japan) a reduction from 16.6 to 9.7 millions of tonnes (43%) has taken place. 
We also depict in Figure 6.2 the change of the rural population of the five most relevant 
WHO sub-regions, which overall increased from 1325 million inhabitants in 1963 to 2197 
million inhabitants in 2003 (+66%). In the past decade a decrease in the rural population has 
been observed in WHO sub-regions 11 and 14. 
6.7 Intervention strategies in rice fields 
Our aim was to systematically review the literature to identify published work on biological 
control strategies against Cx. tritaeniorhynchus larvae in rice fields. We did not include studies 
on the application of synthetic larvicides and insecticides against Cx. tritaeniorhynchus in rice 
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fields, as the use of chemical control was found to be of no operational value due to the short 
activity of these products, high costs and resistance development (Wada, 1988). We searched 
the same electronic databases as mentioned in section 3 and used the following keywords: 
“Japanese encephalitis” or “Culex tritaeniorhynchus” in combination with “alternate wet and 
dry irrigation”, or “Azolla”, or “Bacillus”, or “biological control”, or “bacteria”, or “control”, or 
“fungi”, or “intermittent irrigation”, or “invertebrates”, or “larvivorous fish”, or “natural 
products”, or “nematodes”, or “predator”, or “water management”. 
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Figure 6.2: Changes of rice growing area, rice production and rural population at risk of Japanese 
encephalitis in 5 WHO sub-regions between 1963 and 2003 
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6.7.1 Environmental control strategies 
Alternate wet and dry irrigation (AWDI) 
Traditionally, rice fields are flooded, which provide ideal breeding places for several mosquito 
species, including those that transmit Japanese encephalitis. The management of irrigation water 
that leads to the alternate wetting and drying of fields, including the canals and ditches, can be 
active or passive. An important feature of this technique is that the soil can dry out, which in 
turn curtails the life cycle development of the mosquito from larvae and pupae to adult. In order 
to achieve a significant reduction of mosquito larvae, AWDI (also termed intermittent irrigation) 
has to be applied during the entire cropping season and should cover all rice fields that are 
connected by irrigation canals over a large area. This method is particularly feasible in places 
where control of the water supply and drainage is possible, hence where soil and climatic 
conditions are suitable (Mogi, 1988). Growing water shortages in many areas create an incentive 
to better control irrigation water. AWDI is one such strategy. The potential of AWDI is, 
however, limited in areas where there is a threat of insufficient resources to re-flood the fields 
and where farmers perceive a risk of reduced yields by letting their fields dry out. 
The effects of AWDI on the abundance of Anopheles, which are the vector species of 
malaria, rice yield, water consumption and methane emission have been reviewed recently (Van 
der Hoek et al., 2001; Keiser et al., 2002). In brief, this method had been introduced in Asia 
about 300 years ago, primarily to obtain higher rice yields. The first study of AWDI as a 
potential tool to reduce mosquito vectors was conducted in Bulgaria on mosquitoes of the An. 
maculipennis complex in the 1920s (Keiser et al., 2002). AWDI was compulsory in Portugal in 
the 1930s, when malaria was still a problem there. 
We found four studies analysing the effect of AWDI on densities of Japanese encephalitis 
vectors and the key findings are summarised in Table 6.3. Overall, Cx. tritaeniorhynchus 
immatures were reduced by 14–91% in rice fields applying AWDI. One study investigated the 
effect of AWDI on the Cx. tritaeniorhynchus adult population, which decreased by 55–70%. 
The crop yield was examined in two trials and increases between 4 and 13% were observed in 
AWDI rice fields. The effect this method may have on the incidence of Japanese encephalitis 
remains to be investigated. 
6.7.2 Biological control strategies 
Bacteria 
The larvicidal activity of the spore forming bacteria Bacillus sphaericus and B. thuringiensis 
israelensis were discovered in 1965 and 1976, respectively (Mittal, 2003). Subsequently, these 
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biocides have been evaluated in various formulations against mosquito vectors worldwide 
(Lacey and Lacey, 1990). B. thuringiensis produces four key insecticidal proteins, while B. 
sphaericus produces a single binary toxin (Federici et al., 2003). These protein toxins bind to 
cells of the gastric caecum and posterior midgut of the mosquitoes causing intoxication, which 
eventually leads to death (Mittal, 2003). The advantages of these bacterial insecticides in terms 
of efficacy, specificity and environmental safety are well documented (Zahiri et al., 2004). A 
major drawback of these products, however, is their high cost of production, the labor-intensive 
delivery, as well as first reports of resistance (Sundararaj and Reuben, 1991; Federici et al., 
2003). The effect of the individual bio-larvicides depends on water temperature, pH, aquatic 
vegetation, the formulation applied, type of habitat, and the target mosquitoes (Mittal, 2003). B. 
sphaericus, for example, is known to exhibit a high activity against Culex mosquitoes, while 
certain Aedes species are not affected (Mittal, 2003; Zahiri et al., 2004). Hence, no general 
conclusion can be drawn about whether B. sphaericus and B. thuringiensis israelensis 
formulations are suitable for Japanese encephalitis vector control in rice fields. The results on 
the application of these bacterial formulations in rice fields against Cx. tritaeniorhynchus are 
summarised in Table 6.4. In Tamil Nadu, India, the application of 4.3 kg/ha of a micro-gel 
droplet formulation of B. sphaericus 1593M resulted in a 44–79% reduction of early instar and 
82–100% reduction of late instar culicinae larvae (Cx. fuscanus, Cx. pseudovishnui and Cx. 
tritaeniorhynchus) for at least 5 weeks (Sundararaj and Reuben, 1991). Similarly, up to 95–98% 
of Cx. tritaeniorhynchus larvae were reduced in three other field sites evaluating B. sphaericus 
or B. thuringiensis formulations (Balaraman et al., 1983; Rhee et al., 1983; Kramer, 1984). 
However, the larvicidal activity did not persist in these rice fields beyond a couple of days; in 
the Republic of Korea the residual effect of B. thuringiensis H-14 was found to last only 24 h 
(Rhee et al., 1983).  
Nematodes 
Romanomermis culicivorax is probably the best studied nematode parasite of mosquitoes. The 
preparasitic nematodes are applied to the fields, where they locate a host, penetrate the cuticle 
and develop within the mosquito larvae (Lacey and Lacey, 1990). Although this method has not 
been widely studied, we identified three publications assessing the effect of nematodes on 
Japanese encephalitis vectors, which are summarised in Table 6.5. In Taiwan, application of 
7000 nematodes per m2 rice field yielded a reduction of 11–18% Cx. tritaeniorhynchus (Lacey 
and Lacey, 1990). In two studies in China the nematode R. yunanensis has been distributed in 
rice fields (2000–4000 nematodes/m2), which resulted in parasitism rates of 52.2–96.7% and 
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60.8–95.5%, respectively, of Cx. tritaeniorhynchus larvae (Song and Peng, 1996; Peng et al., 
1998). 
Invertebrate predators 
Invertebrate predators, i.e. Coleoptera, Hemiptera or Odonata, though less common than the use 
of fish, are also known to substantially reduce mosquito larval populations in rice fields (Lacey 
and Lacey, 1990). However, they are highly sensitive to temperature, presence of vertebrates, 
growth of rice and chemical pollutants (Lacey and Lacey, 1990). In India, the presence of 
notonectids was negatively associated with larval abundance of Cx. pseudovishnui, Cx. 
tritaeniorhynchus and Cx. vishnui (Sunish and Reuben, 2002). 
Larvivorous fish 
The use of larvivorous fish to reduce mosquitoes has a history of over 100 years (Lacey and 
Lacey, 1990). The mosquito fish, Gambusia affinis, is the most widely used predator. Other fish 
species include Tilapia spp., Poecilia reticulata or Cyprinidae (Lacey and Lacey, 1990). A 
detailed summary of the most common predacious fish is given in Lacey and Lacey (1990). 
After stocking rice fields with 1–10 natural predator fish per m2, larval populations of Cx. 
tritaeniorhynchus were reduced by 55.2–87.8% (Table 6.6). Larvivorous fish cannot be applied 
in rice fields, where irregular irrigation is practiced. It should also be noted that predator 
populations are strongly influenced by temperature, rice growth, vegetation, use of pesticides or 
chemical pollutants (Lacey and Lacey, 1990). In addition, recent research has shown that 
ovipositing mosquitoes may move to other breeding sites in response to the stocking of rice 
fields with predatory fish (Angelon and Petranka, 2002). Furthermore, the introduction of exotic 
predators such as Gambusia might displace the native fish populations to reduce their natural 
value, as being observed in Japanese rice fields (Wada, 1988). Therefore, the compatibility of 
the chosen fish with local fauna and flora is of high importance (Lacey and Lacey, 1990). 
Fungi 
Fungi that have been studied extensively for their potential as biological mosquito control agents 
include Coelomomyces spp. and Lagenidium giganteum. The former have been investigated with 
regard to how they impact the development of Japanese encephalitis vectors in China. Field 
observations there showed a strong effect of the fungus Coelomomyces indica on Cx. 
tritaeniorhynchus, as infected larvae were unable to develop into adults (Liu and Hsu, 1982). 
However, fungi have not been applied for biological control of Japanese encephalitis vectors on 
a large scale so far, as practical problems, for example their production, have yet to be solved 
(Lacey and Lacey, 1990). 
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Other natural products 
Natural products might also have high potential for reducing the proliferation of culicine 
mosquitoes in rice fields. Our literature search on the control of Japanese encephalitis vectors in 
rice fields yielded in-depth investigation of only two natural products. In Tamil Nadu, India, 
application of the floating water fern Azolla microphylla greatly reduced immature mosquito 
populations. However, the infestation of the rice field with Azolla was difficult to achieve, 80% 
coverage by Azolla was accomplished only 13–14 days after rice transplantation, limiting its 
wider use as a biological mosquito control agent (Rajendran and Reuben, 1991). 
Neem cake powder, made from freshly harvested or stored neem kernels, from the neem 
tree (Azadirachta indica) is rich in the active principle azadirachtin. At a dosage of 500 kg/ha it 
yielded an 81% reduction of late instar culicine larvae and a 43% reduction in the pupal 
production (Rao et al., 1992). Stable product neem cake coated urea and the combination of 
neem cake coated urea and water management practices (i.e. AWDI) led to a 70–95% reduction 
of culicine immatures. The benefits were also found to be cost-effective as neem treatment gave 
higher values for mean number of productive tillers, plant height and mean number of grains per 
panicle (Rao et al., 1995).  
6.8 Discussion and conclusion 
Water resource development and management, in particular the construction and operation of 
small and large dams and irrigation schemes, occurred at an enormous pace over the past 50 
years (Gujja and Perrin, 1999). The effects of these water projects and accompanying ecological 
transformations are manifold, and inherently difficult to assess and quantify. Negative effects 
include increased frequencies and transmission dynamics of water-based (e.g. schistosomiasis) 
and water-related vector-borne diseases, including malaria (Keiser et al., 2005), lymphatic 
filariasis (Erlanger et al., 2004) and Japanese encephalitis. On the other hand, such water 
projects are key for hydroelectric power production and food security; hence they can stimulate 
social and economic development. In this review, we have focused on irrigation schemes, with 
particular emphasis on rice growing. Currently, there is a paucity of high quality data on the 
effects of large and small dams on Japanese encephalitis. 
Over the last four decades rice production has expanded considerably in most countries 
where Japanese encephalitis is currently endemic. This growth will most likely continue for 
food security reasons. We find that in 2003 approximately 180–220 million people live near 
irrigation schemes in Japanese encephalitis prone countries, hence have a potential risk of 
contracting Japanese encephalitis. These figures are unavoidably subject to a level of 
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uncertainty. The possibility that we have overestimated the population at risk cannot be ruled 
out. This is justified on four grounds. First, pigs, which are the amplifying hosts, are not present 
in all rural irrigated sites. Second, the disease affects mainly children under the age of 15 years. 
This segment of the rural population in Asia accounts for approximately one-third of the total 
rural Asian population (Tsai, 2000). Third, it is presently not possible to precisely map the 
population of irrigated areas in partially Japanese encephalitis endemic countries. Fourth, no 
data are available on vaccination coverage in rural irrigated areas. However, it is also 
conceivable that we might have underestimated the actual population at risk of Japanese 
encephalitis due to irrigation, as we have applied a rather conservative proxy, namely the 
national rural population density. Irrigated areas, however, are often characterised by a large 
population density as they attract a great number of people (Keiser et al., 2005). In addition, due 
to the predicted expansion of irrigation schemes, the rural population in Japanese encephalitis 
endemic areas living in proximity to irrigated rice agro ecosystems will further rise in the years 
to come. 
Unfortunately and in contrast to malaria (Keiser et al., 2005), very few studies are 
presently available that investigated the effect of an introduction or an expansion of rice-
irrigation schemes on the incidence of Japanese encephalitis. The few studies reviewed here 
clearly link Japanese encephalitis incidence with rice agriculture. There are important gaps in 
our understanding of the effects of different types of water-related projects on the frequency and 
transmission dynamics of Japanese encephalitis. In our view, longitudinal studies that track both 
a change in vector abundance and Japanese encephalitis infectivity rates in humans, for example 
at large water projects in the framework of health impact assessment studies, covering the entire 
course of a water resource development project, are warranted. 
Clearly, vaccination is the current strategy of choice for prevention and control of Japanese 
encephalitis outbreaks in Asia, and extensive government-supported vaccination campaigns will 
remain the mainstay of control. Formalin inactivated vaccines, based on wild type Nakayama or 
Beijing-1 strains grown in adult mouse brain (e.g. JE-Vax), are licensed for immunisation 
against Japanese encephalitis by several Asian countries. However, in order to achieve 100% 
sero-conversion, 2–3 primary doses and one booster dose after a year are required, with 
subsequent boosts every 3–4 years (Pugachev et al., 2003). Minor side effects occur in 10–30% 
and allergic reactions occur in 0.6% of vaccinated adults (Jones, 2004). Furthermore, clinically 
significant neurological adverse events, such as a meningo-encephalitis, have been reported. In 
addition, these vaccines are expensive and production can hardly keep up with demand (Jones, 
2004). In China a live attenuated vaccine (SA14-14- 2) was developed in 1988 and the efficacy 
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of a single dose was estimated to be 99.3% (Bista et al., 2001). However, its use in other 
affected countries has been restricted by regulatory concerns over manufacturing and control 
(Solomon et al., 2003) 
There is ongoing research to develop improved Japanese encephalitis vaccines. These 
efforts received a boost in December 2003, when the Bill and Melinda Gates Foundation 
donated US$ 27 million to the Children’s Vaccine Program at the Program for Appropriate 
Technology in Health for this purpose (UNO, 2003). For example, a newly developed live 
attenuated vaccine (ChimeriVax-JE) that uses yellow fever 17D as a live vector for the envelope 
genes of SA14-14-2 virus has been tested in phase 2 clinical trials and appears to be well 
tolerated (Monath et al., 2003). It is currently undergoing a 2-year clinical study in Australia, to 
assess the duration of immunity and to gain further knowledge on safety and immunogenicity 
(Jones, 2004). 
It is important to recognise that strategies other than vaccination may play an important 
role in the prevention and control of Japanese encephalitis, particular in rural areas, where 
vaccination coverage is sometimes low or where there is no history of immunisation against 
Japanese encephalitis at all, as recently documented for Northeast India (Phukan et al., 2004). 
Vaccination of remote rural population is strategically difficult and costly, in particular as three 
doses are required to achieve adequate neutralising antibody levels. As demonstrated in China, 
self-protection behaviour, such as sleeping under ITNs can significantly reduce the risk of 
infection (Luo et al., 1994). On the other hand, all Japanese encephalitis patients of a recent 
outbreak in Northeast India reported that they had slept under a bed-net (Phukan et al., 2004). 
Consequently, irrigation schemes should be implemented and maintained in a way that adverse 
health effects to rice growers and residents of the area are minimised and social and economic 
development improved. 
We evaluated and discussed several environmental and biological vector control measures 
in rice fields: Bacillus sphaericus and B. thuringiensis israelensis were found to greatly reduce 
Japanese encephalitis mosquito larvae. However, it is currently not economic to apply these 
bacterial toxins in rice fields, as they are costly, labour intensive and often only have a short 
duration of activity. Few studies are available on invertebrates, fungi, nematodes or the neem 
cake powder in rice fields, which allows assessing and quantification of their potential as 
Japanese encephalitis mosquito control agents. Reviewing the literature has shown that in 
settings where the irrigation water in the rice fields can be managed, AWDI has considerable 
potential to reduce Japanese encephalitis vector densities. A similar conclusion can be made for 
the use of larvivorous fish. An integrated vector management approach with AWDI and the use 
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of larvivorous fish as its main components can reduce Japanese encephalitis vector populations, 
and hence has the potential to reduce the transmission level and the burden of Japanese 
encephalitis. It should be emphasised that these intervention strategies must be tailored carefully 
to a specific setting, which renders it difficult to generalise reported experiences and results. 
There is a pressing need to implement and monitor the performance of well-designed 
intervention projects to further strengthen our understanding of the contextual determinants of 
environmental and biological control methods on vector abundance and clinical outcomes of 
Japanese encephalitis in different ecological, epidemiological and socio-cultural settings. 
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7.1 Abstract  
Lymphatic filariasis is a debilitating disease overwhelmingly caused by Wuchereria bancrofti, 
which is transmitted by various mosquito species. Here, we present a systematic literature 
review with the following objectives: (i) to establish global and regional estimates of 
populations at risk of lymphatic filariasis with particular consideration of water-resources 
development projects, and (ii) to assess the effects of water-resources development and 
management on the frequency and transmission dynamics of the disease. We estimate that 
globally, 2 billion people are at risk of lymphatic filariasis. Among them, there are 394.5 million 
urban dwellers without access to improved sanitation and 213 million rural dwellers living in 
close proximity to irrigation. Environmental changes due to water-resources development and 
management consistently led to a shift in vector species composition and generally to a strong 
proliferation of vector populations. For example, in World Health Organization (WHO) sub-
regions 1 and 2, mosquito densities of the Anopheles gambiae complex and Anopheles funestus 
were up to 25-fold higher in irrigated areas when compared with irrigation-free sites. Although 
the infection prevalence of lymphatic filariasis often increased after the implementation of a 
water project, there was no clear association with clinical symptoms. Concluding, there is a need 
to assess and quantify changes of lymphatic filariasis transmission parameters and clinical 
manifestations over the entire course of water-resources developments. Where resources allow, 
integrated vector management should complement mass drug administration, and broad-based 
monitoring and surveillance of the disease should become an integral part of large-scale waste 
management and sanitation programmes, whose basic rationale lies in a systemic approach to 
city, district, and regional level health services and disease prevention. 
 
Keywords: Lymphatic filariasis, water-resource development, management, health, impact, 
vector, population, risk 
7.2 Introduction 
People living in tropical and subtropical countries have long suffered under the yoke of 
lymphatic filariasis. This chronic parasitic disease is of great public health and socioeconomic 
significance and is currently endemic in 80 countries/territories of the world (WHO, 2001; 
Zagaria and Savioli, 2002; Molyneux et al., 2003). Lymphatic filariasis accounts for serious 
disfiguration and incapacitation of the extremities and the genitals and causes hidden internal 
damage to lymphatic and renal systems (Langhammer et al., 1997; Ottesen et al., 1997; Dreyer 
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et al., 1998). Disease, disability, and disfiguration are responsible for a loss of worker 
productivity, significant treatment costs, and social stigma (Dreyer et al., 1997; Ramaiah et al., 
2000). At present, the global burden of lymphatic filariasis is estimated at 5.78 million disability 
adjusted life years (DALYs) lost annually (WHO, 2004a). Hence, its estimated burden is almost 
3.5-fold higher than that of schistosomiasis and approximately one seventh of that of malaria 
(WHO, 2004a). Lymphatic filariasis is caused by Wuchereria bancrofti, Brugia malayi, and 
Brugia timori, with > 90% of cases attributable to W. bancrofti (WHO, 2001). Transmission 
occurs through various mosquito species, primarily Culex (57%), followed by Anopheles (39%), 
Aedes, Mansonia, and Ochlerotatus. Detailed information on the geographical distribution of the 
most important lymphatic filariasis vectors can be found elsewhere (Zagaria and Savioli, 2002). 
More than 60% of all lymphatic filariasis infections are concentrated in Asia and the Pacific 
region, where Culex is the predominant vector. In Africa, where an estimated 37% of all 
infections occur, Anopheles is the key vector (Zagaria and Savioli, 2002).  
In 1993, the World Health Organization (WHO) declared lymphatic filariasis to be one of 
6 eliminable infectious diseases (ITFDE, 1993). After several years of preparation and 
endorsement by the World Health Assembly in 1997, the Global Program to Eliminate 
Lymphatic Filariasis (GPELF) was initiated in 1998 (Molyneux, 2003). Large-scale operations 
were launched in 2000, alongside the forging of a worldwide coalition, the Global Alliance to 
Eliminate Lymphatic Filariasis (GAELF), which is a free and non-restrictive partnership forum. 
WHO serves as its secretariat and is being reinforced by an expert technical advisory group 
(Ottesen, 2000; WHO, 2000a; Michael et al., 2004; WHO, 2004b). GPELF’s goal is to eliminate 
the disease as a public health problem by 2020. It mainly relies on mass drug administration 
using albendazole plus either ivermectin or diethylcarbamazine (DEC). At the end of 2003, 
approximately 70 million people were treated and 36 countries had an active control programme 
in place (WHO, 2004b). 
Sustained political and financial commitment and rigorous monitoring and surveillance are 
essential elements of the global programme, as otherwise lymphatic filariasis could re-emerge 
because a small fraction of the population will continue to carry microfilaria. Furthermore, the 
vector population is unlikely to be significantly affected by GPELF. Employing a mathematical 
modelling approach, it was shown that vector control programmes, in addition to mass drug 
administration, would substantially increase the chances of meeting GPELF’s ambitious target 
(Michael et al., 2004). Indeed, some of the most successful control programmes in the past 
demonstrate that an integrated approach, readily adapted to specific eco-epidemiologic settings, 
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was a key factor for controlling and even eliminating lymphatic filariasis (Harb et al., 1993; 
Manga, 2002; Prasittisuk, 2002; Burkot and Bockarie, 2004). 
In rural areas undergoing ecological transformations, particularly due to the construction 
of irrigation schemes and dams, new breeding sites suitable for filaria vectors are created 
(Hunter, 1992; Harb et al., 1993). As a consequence, the transmission dynamics of lymphatic 
filariasis is expected to change. In Africa, where Anopheles transmit malaria and filaria, the 
estimated surface area of 12 million ha under irrigation in 1990 is estimated to increase by one 
third until 2020 (Rosengrant and Perez, 1997). Rapid and uncoordinated urbanisation often leads 
to new habitats for filaria vectors (Mott et al., 1990; Knudsen and Slooff, 1992). Especially poor 
design and lack of maintenance of infrastructures for drainage of sewage and storm water, 
waste-water management, water storage, and urban subsistence agriculture can facilitate the 
proliferation of mosquitoes, including those transmitting filaria. Although the proportion of 
urban dwellers in the least developed countries was only 27% in 1975, it rose to 40% in 2000 
and is predicted to further increase. Nearly 50% of the world’s urban population is concentrated 
in Asia. Currently, the annual growth rate in Asian cities is 2.7% (UN, 2004a). This implies that 
in the future, an increasing number of habitats with organically polluted water will be available 
for Culex vectors.  
The objectives of the systematic literature review presented in this paper were (i) to assess 
the current size of the population at risk of lymphatic filariasis with particular consideration of 
water-resources development and management, both in rural and urban settings, and (ii) to 
assess the effect of these ecological transformations on the frequency and transmission 
dynamics of lymphatic filariasis. Our working hypothesis was that environmental changes 
resulting from water-resources development and management adversely affect vector 
frequencies, filaria transmission, prevalence of infection, and clinical occurrence of lymphatic 
filariasis. These issues are of direct relevance for GPELF and evidence-based policy-making, 
and for integrated vector management programmes and optimal resource allocation for disease 
control more generally.  
7.3 Materials and methods 
7.3.1 Contextual determinants and estimation of population at risk in endemic 
countries 
As a first step, we outlined the contextual determinants of lymphatic filariasis transmission in a 
simplified flow chart. For regional estimates of populations at risk of lymphatic filariasis, we 
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used the recent classification set forth in the appendices of the annual World Health Report of 
WHO, which stratifies the world into 14 epidemiologic subregions (WHO, 2004a). For 
estimation of population fractions at risk of lymphatic filariasis due to water-resources 
development and management, we adopted setting-specific definitions. Hence, for rural areas 
we considered those people at risk of lymphatic filariasis who live in close proximity to irrigated 
agro-ecosystems, employing data sources from the Food and Agricultural Organization (FAO; 
http://www.fao.org). We followed a similar approach as in our preceding work with an emphasis 
on the malaria burden attributable to water-resources development and management (Keiser et 
al., 2005). In fact, the size of the rural irrigation population was estimated by multiplying the 
average population density in rural areas by the total area currently under irrigation in lymphatic 
filariasis endemic countries/territories. In urban settings, the size of the population at risk of 
lymphatic filariasis was defined by the proportion that currently lacks access to improved 
sanitation. Country-specific percentages of urban dwellers without access to improved sanitation 
were taken from the World Health Report 2004 (WHO, 2004a). Justification for this indicator is 
derived from the following experiences. First, there is evidence that, besides common water-
borne diseases, lack of access to clean water and improved sanitation increases the risk of 
acquiring vector-borne diseases (Knudsen and Slooff, 1992; Fontes et al., 1998; Durrheim et al., 
2004). As will be shown in our review and has been noted before, lymphatic filariasis 
transmission is spurred by rapid urbanisation in the absence of accompanying waste 
management and sanitation facility programmes (Chernin, 1987; Rajagopalan et al., 1987; 
Samarawickrema et al., 1987; Raccurt et al., 1988; Gad et al., 1994). Second, a large-scale 
campaign built around chemotherapy and improved sanitation proved successful to control 
lymphatic filariasis in the Shandong province, People’s Republic of China (Cao et al., 1997). 
Third, Durrheim and colleagues recently suggested that chronic parasitic diseases, including 
lymphatic filariasis, could be used as viable health indicators for monitoring poverty alleviation, 
as the root ecological causes of these health conditions depend on poor sanitation, inadequate 
water supply and lack of vector control measures (Durrheim et al., 2004). 
7.3.2 Search strategies and selection criteria 
With the aim of identifying all published studies that examined the effect of water-resources 
development and management on the frequency and transmission dynamics of lymphatic 
filariasis, we carried out a systematic literature review. Particular consideration was given to 
publications that contained specifications on (i) entomological transmission parameters, 
abundance of vector populations, microfilaria infection prevalence and rates of clinical 
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manifestations as a result of water-resources development, and (ii) studies that compared sites 
where environmental changes occurred with ecologically similar settings where no water-
resources developments were implemented.  
As a first step, we performed computer-aided searches using the National Library of 
Medicine’s PubMed database, as well as BIOSIS Previews, Cambridge Scientific Abstracts 
Internet Database Service, and ISI Web of Science. We were interested in citations published as 
far back as 1945. The following keywords (medical subject headings and technical terms) were 
used: “lymphatic filariasis” in combination with “water,” “water management,” “reservoir(s),” 
“irrigation,” “dam(s),” “pool(s),” “sanitation,” “ecological transformation,” and “urbanisation.” 
No restrictions were placed on language of publication.  
In a next step, the bibliographies of all recovered articles were hand-searched to obtain 
additional references. In an iterative process, this approach was continued until no new 
information was forthcoming.  
Dissertation abstracts and unpublished documents (‘grey literature’) were also reviewed. 
Dissertation abstracts were searched in online databases, that is, ProQuest Digital Dissertations 
and the Unicorn Online Catalogue (WEBCAT) of the London School of Hygiene and Tropical 
Medicine.  
Finally, online databases of international organisations and institutions, namely WHO and 
FAO of the United Nations, and the World Bank, were scrutinised, adhering to the same search 
strategy and selection criteria explained above.  
7.4 Results 
7.4.1 Contextual determinants 
The contextual determinants of lymphatic filariasis can be subdivided into three broad 
categories, namely (i) environmental, (ii) biological, and (iii) socioeconomic (Figure 7.1). They 
act on different temporal and spatial scales, adding to the complexity of the local lymphatic 
filariasis eco-epidemiology. 
In rural settings, the most prominent man-made breeding sites are water bodies created by 
irrigation systems and dams. Here, the weight of environmental determinants is strongly 
associated with biological factors, notably vector and parasite species, and various 
socioeconomic factors such as human migration patterns, access to, and performance of, health 
systems, and individual protective measures. 
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In urban areas, artificial breeding sites are often created by waste-water mismanagement, 
resulting from poor sanitation systems in private dwellings and industrial units, or the absence 
of them entirely. 
Here, biological factors shape the epidemiology of lymphatic filariasis after environmental 
changes have occurred, and socioeconomic factors strongly interact with the environmental 
determinants. The local quality of domestic and industrial wastewater management, access to 
clean water and improved sanitation, and the construction of roads and buildings depend on the 
socioeconomic status of specific subpopulations.  
7.4.2 Endemic countries/territories 
Table 7.1 shows estimates of populations at risk of lymphatic filariasis for all the 
countries/territories where the disease is currently endemic. Only politically independent 
countries were listed (n = 76). Hence, the populations at risk of French Polynesia, New 
Caledonia, Réunion, and Wallis and Futuna, which belong to France, and American Samoa, 
which belongs to the United States, were assigned to the geographically closest independent 
states. Timor-Leste, which recently became independent, is also included. However, no 
estimates for at-risk populations are currently available for the following lymphatic filariasis 
endemic countries: Cambodia, Cape Verde, Lao People’s Democratic Republic, Republic of 
Korea, Solomon Islands, and Sao Tome and Principe. In view of relatively small population 
sizes living in these countries, neglecting at-risk population of lymphatic filariasis there, only 
marginally influences estimates on regional and global scales.  
7.4.3 People at risk of lymphatic filariasis at a global and regional scale 
We estimate that approximately half of all people currently living in lymphatic filariasis 
endemic countries are at risk of the disease, which translates to approximately 2 billion. This is 
considerably higher than the 1–1.2 billion estimates put forth in the literature (WHO, 2001; 
Zagaria and Savioli, 2002; Molyneux et al., 2003). The difference is largely explained by at-risk 
estimates for China. In urban areas, there are 394.5 million at risk of lymphatic filariasis due to 
lack of access to improved sanitation. This is almost twice the estimated size in rural areas, 
namely 213 million, which is attributed to living in close proximity to irrigated agriculture. The 
largest percentages in terms of lymphatic filariasis burden, as expressed in DALYs lost (52%), 
people at risk (29%), size of the population at risk due to proximity to irrigated land (69%), and 
lack of improved sanitation (33%) are in WHO sub-region 12. This sub-region includes 
Bangladesh, India, Maldives, Myanmar, Nepal, and Timor-Leste (Table 7.2).  
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Table 7.1: Estimates of opulation at risk in all lymphatic filariasis endemic countries/territories of the world, 
stratified into WHO epidemiological sub-regions (population at risk of W. bancrofti infection in thousands) 
Africa 
WHO sub-region 1a (24 countries) 
Angola (10,423), Benin (6736), Burkina Faso (12,963)b, Cameroon (9338), Cape Verde (n.d.), Chad (6216), 
Comoros (768)b, Equatorial Guinea (89), Gabon (896), Gambia (1235), Ghana (6200)b, Guinea (8336), Guinea-
Bissau (1253), Liberia (34), Madagascar including Reunionc (15,841), Mali (11,329), Mauritius (12)d, Niger (10,416), 
Nigeria (121,901), Sao Tome and Principe (n.d.), Senegal (9247), Seychelles (81), Sierra Leone (890), Togo (1182)b
WHO sub-region 2a (14 countries) 
Burundi (1112), Central African Republic (765), Congo (3396), Côte d’Ivoire (14,253), Democratic Republic of the 
Congo (22,481), Ethiopia (3534), Kenya (10,108), Malawi (11,948), Mozambique (15,336), Rwanda (3355)e, Uganda 
(23,399), United Republic of Tanzaniaf (14,421), Zambia (9980), Zimbabwe (10,816) 
The Americas 
WHO sub-region 4 (6 countries) 
Brazilg (3569)h, Costa Ricag (83)h, Dominican Republic (1854)h, Guyana (623)h, Surinameg (< 4)i, Trinidad and 
Tobagog (< 13)h 
WHO sub-region 5 (1 country) 
Haiti (6078)b 
Eastern Mediterranean 
WHO sub-region 7 (3 countries) 
Egyptf (2446)b, Sudan (8302)h, Yemen (100)k 
South-East Asia 
WHO sub-region 11 (3 countries) 
Indonesia (27,046)h [B. malayi: 27,046, B. timori: 3900]l, Sri Lanka (9900)b, Thailandm (10,116)k [B. malayi: 7791]k 
WHO sub-region 12 (6 countries) 
Bangladesh (93,984)h, India (494,374)h [B. malayi:190,718]h, Maldives (< 3)n, Myanmar (28,000)b, Nepal (1359)h, 
Timor-Leste (778)i [B. timori: 778]i 
Western-Pacific 
WHO sub-region 13 (1 country) 
Brunei Darussalam (40)o 
WHO sub-region 14 (18 countries) 
Cambodia (n.d.), China (925,979)h [B. malayi: 63,906]h, Cook Islands including French Polynesiac (248)k, Federated 
States of Micronesia (109)k, Fiji including Wallis and Futunac (854)k, Kiribati (88)k, Lao People’s Democratic Republic 
(n.d.), Malaysiag (2736)h [B. malayi: 2736]h, Niue (2)k, Papua New Guinea (3000)p, Philippines (23,800)b [B. malayi: 
23,800]b, Republic of Korear (n.d.), Samoaf including American Samoac (248)k, Solomon Islandsr (n.d.), Tonga 
(104)k, Tuvalu (11)k, Vanuatuf including New Caledoniac (422)k, Viet Nam (12,888)h 
n.d.: no data currently available 
a: Except Mauritius percentages of the population at risk from Lindsay and Thomas (2000) (Lindsay and Thomas, 
2000) re-calculated with recent figures from United Nations, 2004 (UN, 2004b) 
b: Weekly Epidemiological Record, 2004 (WHO, 2004b) 
c: Réunion, French Polynesia, Wallis and Futuna, and New Caledonia belong to France; American Samoa belongs 
to the United States of America 
d: WHO, 2002 (WHO, 2002) 
e: For Rwanda the same ‘at-risk’ percentage as for Burundi was taken 
f: A significant reduction in prevalence and intensity of microfilaria has recently been recorded in the United Republic 
of Tanzania, Egypt, Samoa and Vanuatu (Molyneux, 2003) 
g: In Brazil, Costa Rica, Suriname, Trinidad and Tobago, and Malaysia smaller endemic foci have been eliminated 
(Molyneux, 2003) 
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h: Percentage of people at risk in 1990 taken from Michael et al., 1996 (Michael et al., 1996) re-calculated with 
recent figures from United Nations, 2004 (UN, 2004b) 
i: Pan American Health Organization, 2002 (PAHO, 2002) 
k: Weekly Epidemiological Record, 2003 (WHO, 2003) 
l: Supali et al., 2002 (Supali et al., 2002) 
m: Thailand has recently eliminated filaria transmission (Molyneux, 2003) 
n: People at risk estimated < 1% (WHO, 2000b) 
o: It has been assumed that Brunei Darussalam has the same percentage of people at risk as Malaysia in 1995 as 
described by Michael et al., 1996 (Michael et al., 1996) 
p: Kazura and Bockarie, 2003 (Kazura and Bockarie, 2003) 
r: Korea and the Solomon Islands using diverse control strategies have eliminated transmission (Molyneux, 2003) 
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Table 7.2: Current global and regional estimates of lymphatic filariasis, including studies identified in our 
systematic literature review, disability adjusted life years (DALYs), total population, population at risk, 
population living in proximity to irrigated areas, and urban population without access to improved sanitation 
(n.d.: no data currently available) 
WHO 
sub-
regiona 
Studies 
identified 
DALYs in 
2004 caused 
by lymphatic 
filariasis 
(103)a 
Total population 
in lymphatic 
filariasis endemic 
countries 
(x 103)b 
Population at 
risk of 
lymphatic 
filariasis  
(x 103) (from 
Table 7.1) 
Population in 
lymphatic filariasis 
endemic countries 
living in proximity 
to irrigated areas  
(x 103) 
Urban population in 
lymphatic filariasis 
endemic countries 
without access to 
improved sanitation 
(x 103)a 
1 3 976 284,551 235,382c 574g 38,445k 
2 2 1035 312,344 144,903 305 25,956 
4 0 9 193,892 6,147 306 25,570l 
5 1 1 8326 6,078 < 1 1561 
7 1 122 125,551 10,847 1646 2265 
9 0 1 n.d. n.d. n.d. n.d. 
11 1 242 302,781 47,062d  8262 31,212 
12 3 2977 1,287,945 618,496d 147,894h 131,157 
13 0 0 358 40 < 1 n.d. 
14 1 411 1,565,246 970,589d, e, f 54,034i 176,791m 
Total 12 5777 4,079,995 2,039,548 213,021 394,511 
n.d.: no data currently available 
a: Source: World Health Report 2004 (WHO, 2004c) 
b: Source: United Nations Urbanisation Prospects – The 2003 Revisions (UN, 2004b) 
c: Without Cap Verde and Sao Tome and Principe 
d: In all countries both endemic for W. bancrofti and B. malayi or B. timori ‘population at risk’ from the predominant 
filaria species was taken 
e: Without Cambodia, Lao People’s Democratic Republic, Republic of Korea and Solomon Islands 
f: China has considerably reduced lymphatic filariasis transmission, therefore those figures are likely to be 
significantly smaller 
g: Without Equatorial Guinea and Seychelles 
h: Without Maldives and Timor-Leste 
i: Without Cook Islands, Federated States of Micronesia, Kiribati, Niue, Papua New Guinea, Samoa, Solomon 
Islands, Tonga, Tuvalu and Vanuatu 
k: Without Liberia, Sao Tome and Principe and Seychelles 
l: Without Trinidad and Tobago 
m: Without Federated States of Micronesia, Malaysia, Tonga and Tuvalu 
 
7.4.4 Studies identified and qualitative overview 
Overall, 12 studies fulfilled the selection criteria of our literature review. These studies were all 
published in the peer-reviewed literature, that is, in specialized entomology, parasitology, and/or 
tropical medicine journals. None of the work retrieved from electronic databases other than 
PubMed or ISI Web of Science was deemed of sufficient quality to justify study inclusion.  
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Table 7.3 summarises the main findings of the selected studies, stratified by rural and urban 
settings. As a common theme, lymphatic filariasis vector composition frequencies shifted in all 
settings. Water-resources developments favoured An. gambiae, An. funestus, An. barbirostris, 
Culex quinquefasciatus, Cx. pipiens pipiens, Cx. antennatus, and Aedes polynesiensis, but 
disfavored An. pharoensis, An. melas, An. subpictus, and Ae. samoanus. Transmission 
parameters were higher in ecosystems altered by water-resources projects and clinical disease 
manifestation rates often elevated.  
7.4.5 Vector densities 
In total, 7 studies investigated either the shift of lymphatic filariasis vector composition 
frequencies or the change in vector abundance, as shown in Table 7.4. In 2 study sites in Ghana 
and one in the United Republic of Tanzania, composition frequencies of An. gambiae increased 
in irrigated sites compared with An. funestus (Jordan, 1956; Appawu et al., 1994; Dzodzomenyo 
et al., 1999). In turn, the relative dominance of An. gambiae was found to be smaller in irrigated 
areas in the Upper East region of Ghana and in the United Republic of Tanzania (Smith, 1955; 
Appawu et al., 2001). In absolute numbers (i.e., mosquito counts), changes manifested 
themselves more prominently. In all settings where water-resources developments were 
implemented, 1.7–24.6 times more An. gambiae were caught when compared with control sites. 
Similar numbers were found for An. funestus. Another common lymphatic filariasis vector in 
Africa, namely An. melas, could not maintain itself in irrigated areas. Hence, this species 
disappeared. Most likely, it was replaced by the strongly proliferating An. gambiae s.s. 
population (Appawu et al., 1994). In Indonesia, An. subpictus was exclusively found in areas 
without irrigation and An. barbirostris, a typical rice-field breeder, proliferated in villages with 
irrigated paddies (Supali et al., 2002). In urban areas on Upolu Island (Samoa), domestic water-
storage and waste accumulation provided suitable breeding sites for Ae. polynesiensis, which in 
turn became the predominant vector in those areas. On the other hand, Ae. samoanus seemed to 
favour less populated areas where the relative abundance of Ae. polynesiensis was small 
(Samarawickrema et al., 1987). High numbers of Culex vectors were found in urban areas 
dominated by wastewater mismanagement and domestic water storage (Rajagopalan et al., 
1987; Raccurt et al., 1988; Gad et al., 1994). 
7.4.6 Transmission parameters 
Table 7.5 summarises the 5 studies that assessed the impact of water-resources development and 
management on transmission parameters. Three studies were carried out in irrigation schemes 
(Amerasinghe and Ariyasena, 1991; Dzodzomenyo et al., 1999; Appawu et al., 2001), one study 
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evaluated the impact of water mismanagement in the face of urbanisation (Samarawickrema et 
al., 1987), and one study was undertaken after a water management control programme had 
been launched (Rajagopalan et al., 1987). Overall, it was found that irrigation, waste-water 
mismanagement, water storage, or waste accumulation generally lead to increased biting rates, 
higher transmission potentials, and a higher proportion of vectors infective or infected with 
microfilaria. 
In east Ghana, the annual biting rate (188 versus 299), the annual infective biting rate (0.5 
versus 7.7), the annual transmission potential (0.5 versus 13.8), and the percentage of infective 
An. gambiae (0.3% versus 2.5–3.3%) were notably higher in irrigated villages compared with 
control villages (Appawu et al., 2001). This study also found a higher percentage of infective 
An. funestus (0% versus 1.3%) and a higher worm load per infective vector (1.0 versus 1.8) 
when compared with the non-irrigated villages. A different study that assessed the prevalence of 
infective filaria in vectors in irrigated villages in southern Ghana recorded even higher fractions 
of infective An. gambiae (8%) and An. funestus (2%) (Dzodzomenyo et al., 1999). In Sri Lanka, 
the geometric mean of female Cx. quinquefasciatus per man-hour was 1.6 times higher after the 
implementation of a large irrigation system (Amerasinghe and Ariyasena, 1991). 
An integrated, community-based bancroftian filariasis and malaria control programme was 
carried out in the first half of the 1980s in urban Pondicherry, India, which aimed at 
transmission reduction by simultaneous implementation of biologic, chemical and physical 
vector control measures (Rajagopalan et al., 1987). Source reduction by means of environmental 
management was given high priority. It consisted of draining water-bodies, deweeding, and 
sealing of tanks and cisterns. Regarding biological control, larvivorous fish were released in 
permanent water bodies. Larvicides and oil were used as chemical methods, and physical control 
measures included application of polystyrene expanded beads in wells. Within 5 years, the 
annual biting rate for W. bancrofti-transmitting Cx. quinquefasciatus decreased from 26 203 to 
3617, the number of infective bites per person per year decreased from 225 to 22, and the annual 
transmission potential decreased from 450 to 77. On the other hand, the worm load increased 
during the programme from 2.0 to 3.5. The effect of urbanisation on transmission parameters of 
lymphatic filariasis has been documented in Samoa. In areas affected by ecosystem 
transformation, the biting density per man per hour (26 versus 8), the fraction of infected (2.2% 
versus 1.7%) and infective (0.4% versus 0.3%) Ae. polynesiensis were greater than in areas 
without ecosystem transformation. On the other hand, biting density per man per hour (67 
versus 33) and the percentage of infected (0.5% versus 0.2%) and infective (0.2% versus 0.04%) 
Ae. samoanus were found to be smaller (Samarawickrema et al., 1987). 
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7.4.7 Filarial prevalence and clinical manifestation rates 
Infection prevalence and clinical manifestations were assessed in seven and two studies, 
respectively. Table 7.6 points out that water-resources developments had a strong effect on 
microfilaria infection prevalence. In 6 settings, prevalence rates were between 0.5% and 19% 
higher (median: 7%) compared with control areas.  
In 2002, Supali and colleagues (Supali et al., 2002) found that in Indonesian villages with 
irrigated rice agriculture, An. barbirostris was responsible for B. timori transmission. The 
infection prevalence of B. timori among villagers was 6%, while W. bancrofti infections were 
not found. As many as 7% of all people were diagnosed with leg elephantiasis, which was 
associated with brugian filariasis. In irrigation-free villages, the main vector was An. subpictus 
and human filarial infection prevalence was 12%, but both An. barbirostris vectors and B. timori 
filaria, were absent. Clinical symptoms appeared as genital lymphedema in 5% of all people.  
The most dramatic impact of a water-resources development on lymphatic filariasis was found 
in villages of the United Republic of Tanzania a half-century ago. Microfilaria prevalence in 2 
villages with irrigated rice plantations were 11% and 19% higher compared with two nearby 
villages where no irrigation systems had been constructed (Jordan, 1956). 
In a north Indian area served by irrigation, infection prevalence for W. bancrofti was found 
to be 0.5% and disease manifestation 1.5% higher compared with a similar setting without 
irrigation. Close by, in another irrigated plot, but inhabited by people of a different ethnic origin, 
microfilaria prevalence was 9% greater. Disease manifestations, on the other hand, were almost 
at the same level (-0.5%) (Basu, 1957). 
Very high W. bancrofti infection prevalence in the population of Leogane, Haiti (39% and 
44%), could be attributed to waste-water discharge by factories located in the city. Infection 
prevalence in control districts without waste-water pools were much lower (27%) (Raccurt et 
al., 1988). High prevalence (17%) in a town in the Egyptian Nile delta was due to sewage ponds 
of public facilities (prevalence of control site: 12%) (Gad et al., 1994). On Samoa, in contrast, in 
areas affected by human settlements, the prevalence of W. bancrofti infections was 1.1% smaller 
than in control areas (Samarawickrema et al., 1987). 
7.5 Discussion 
Previous studies have shown that the establishment, operation and poor maintenance of water-
resources development projects, and the process of rapid and uncoordinated urbanisation, have a 
history of facilitating a change in the frequency and transmission dynamics of vector-borne 
diseases (Mott et al., 1990; Hunter, 1992; Knudsen and Slooff, 1992; Harb et al., 1993). 
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However, detailed analyses on the contextual determinants are sparse (Patz et al., 2000; 
Amerasinghe, 2003; Molyneux, 2003). In recent attempts to fill some of these gaps, we 
systematically reviewed the literature and estimated the current magnitude of urban malaria in 
Africa (Keiser et al., 2004) and examined the effect of irrigation and large dams on the burden 
of malaria on a global and regional scale (Keiser et al., 2005). Here, we extended our preceding 
work from malaria to lymphatic filariasis, with an emphasis on the effect of water-resources 
development and management, and estimates of at-risk populations.  
It is important to note that estimates of populations at risk of lymphatic filariasis, as 
presented in Table 7.1, differ considerably according to the source of publication. Also, some 
countries/territories were highly successful in lowering filaria transmission over the past 10–20 
years (e.g., China), and therefore care is needed in the interpretation of at-risk population. Our 
estimate of 2 billion might thus be a significant overestimation (WHO, 2001; Zagaria and 
Savioli, 2002; Molyneux et al., 2003). The term ‘at-risk’ raises problems with its definition, 
because in most countries where transmission has been interrupted, the population is still likely 
to face the risk of re-emerging lymphatic filariasis epidemics as parasites and vector species 
continue to be present and environmental conditions are suitable for transmission.  
Our population estimates in lymphatic filariasis endemic countries regarding proximity to 
irrigated areas (i.e., 213 million) are rather conservative. Irrigated areas often attract people, and 
thus the population density is usually disproportionately high. However, depending on the 
vector species and the practice of irrigation, the risk profile of lymphatic filariasis could also be 
lower when compared with non-irrigated control areas. For transmission of bancroftian filariasis 
outside of Africa, it is less the practice of irrigated agriculture per se, but rather the presence of 
polluted peri-domestic man-made breeding sites that are suitable habitats for lymphatic filariasis 
vectors (mostly Culex).  
Care should also be exhibited in the interpretation of our at-risk population estimates in 
urban settings. We used access to improved sanitation as the underlying risk factor to derive our 
estimates. However, the current definition of access to improved sanitation is primarily 
constructed by an aggregation of different social and infrastructure determinants rather than 
setting-specific eco-epidemiologic features. Arguably, this is an oversimplification, as it fails to 
capture the complex causal webs of the various levels of disease causality, with outcomes 
shaped by a combination of distal, proximal, and physiologic/pathophysiological causes (Ezzati 
et al., 2005). In fact, settings with access to improved sanitation, as defined by WHO, on the 
“least improved end” can include highly productive mosquito breeding sites, while mosquito 
breeding is unlikely to occur in settings on the “most improved end.” Hence, the nature of 
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water-resources development and management in urban areas exhibits strong spatiotemporal 
heterogeneity, often at very small scales. In addition, the fine-grained detail about wastewater 
management that would be essential for a precise appraisal of potential vector breeding sites is 
not available on a scale that would sharply reduce uncertainties in the present report. 
Nevertheless, the estimates in Table 7.2 do provide a good approximate indication of the 
magnitude of the problem. Unfortunately, lymphatic filariasis is too far down on virtually all 
disease priority lists to get serious attention and serve as a basis for establishing the financial 
resources and political will for water-related improvements in urban areas. It is conceivable that 
endemic countries could get major lymphatic filariasis reductions as a by-product of 
multifaceted water campaigns that aim to improve overall health in a systemic manner.  
The 12 studies we identified through our systematic review can be grouped into two broad 
categories, namely (i) those that looked at ecosystems influenced by irrigated rural agriculture 
and (ii) those that investigated urban environments affected by poor design and lack of 
maintenance of infrastructures for drainage of sewage and storm water. Despite the different 
nature of these studies, entomological parameters revealed a quite consistent shift in species 
composition frequencies, and a proliferation of the overall vector population. High abundances 
were recorded for An. funestus, and especially for An. gambiae, in irrigated agro-ecosystems, 
particularly in West Africa. Members of the An. gambiae complex are the most anthropophilic 
filaria vectors (Costantini et al., 1999). In Africa, the fraction of irrigated arable land is still 
small (8.5%) but is expected to increase significantly in the decades to come (Keiser et al., 
2002). Consequently, it is conceivable that implementation of irrigation systems in this region 
increases transmission of W. bancrofti (Surtees, 1970). Achieving the GPELF’s ambitious goal 
could be of a particular challenge in Africa, where the burden of lymphatic filariasis could 
actually increase.  
Regarding the observation of higher counts of vector species following water-resources 
developments, these do not automatically translate into a higher lymphatic filariasis burden. Due 
to the complicated nature of lymphatic filariasis pathology and the highly complex transmission 
dynamics, it is possible that after the implementation of an irrigation system in a highly endemic 
area, the lymphatic filariasis burden could level off after a few years (Amerasinghe, 2003; 
Michael et al., 2004). The entomological studies carried out in Sri Lanka during the 
development of the Mahaweli irrigation project in the 1980s revealed that several mosquito 
species proliferated over the course of project implementation. High densities of Cx. 
quinquefasciatus, which is the main lymphatic filariasis vector in Sri Lanka, were documented, 
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however, filaria transmission could not be confirmed (Amerasinghe and Munasingha, 1988; 
Amerasinghe and Ariyasena, 1991).  
It is widely acknowledged that vector species shifts depended on a myriad of factors, i.e., 
seasonality, temperature, plant succession, irrigation practices, total area under irrigation, water-
depth, and water quality (Service, 1984). In the studies analysed here, these aspects were not 
retrievable from the published work. Thus, temporal variations cannot be excluded, rendering 
study comparison difficult. Future studies should quantify species composition frequencies and 
vector populations not only between different eco-epidemiologic settings, but also during 
different seasons and according to different irrigation practices within the same setting.  
Once a vector species is replaced by another that transmits a different filaria species, 
clinical manifestation rates are likely to shift. This was observed in rural Indonesia, where 
bancroftian filariasis transmitting An. subpictus vectors were replaced by timorian filariasis 
transmitting An. barbirostris, resulting in a shift from genital lymphedema to elephantiasis 
(Supali et al., 2002). In Egypt and Senegal, a similar phenomenon was observed for 
schistosomiasis. The construction of large dams led to a shift from Schistosoma haematobium to 
Schistosoma mansoni, most likely because of a shift in intermediate host snails. This was 
paralleled by a change of clinical manifestation (Abdel-Wahab et al., 1979; Southgate, 1997). 
Our review only identified 2 studies that investigated clinical manifestation rates in 
connection with water projects. Thus, it is difficult to set forth conclusions about whether water-
resources development projects positively or adversely affect clinical manifestations due to 
lymphatic filariasis. It is delicate to use results on filaria infection prevalence and transmission 
parameters as proxies, since microfilaremia and clinical symptoms are not implicitly associated. 
People with clinical manifestations are often amicrofilaremic, while others who are free of 
symptoms have microfilariae in their blood (Kar et al., 1993; Ravindran, 2003). Currently, there 
is no clear evidence of acquired or innate immunity to filaria infection. Thus, it is uncertain if 
lower infection rates and clinical manifestation among the local residents could be, at least 
partially, explained by acquired immunity or innate immunity genes that govern susceptibility to 
infection and lymphatic pathology (Hise et al., 2003; Stolk et al., 2003). 
Another important finding of our systematic literature review is that urbanisation, 
especially in connection with wastewater mismanagement and water-storage, resulted in 
significant shifts in lymphatic filariasis transmission parameters, as demonstrated in Haiti, India 
and Samoa. Reverse shifts in the abundance of Ae. samoanus and Ae. polynesiensis, two vectors 
with varying infectivity rates, indicated that rapid and uncontrolled urbanisation impacts 
differently on various vector species. Decreased transmission parameters of Ae. samoanus in 
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city centres show that urbanisation can also marginalise a vector that fails to adapt to the new 
condition.  
We have estimated that > 70% of urban dwellers in lymphatic filariasis endemic areas are 
currently located in Asia. Cx. quinquefasciatus, the most important lymphatic filariasis vector in 
this region, prefers polluted waters for breeding. The rapid pace at which urbanisation continues 
to build inroads in Asian (and African) countries, often in the face of declining economies, is 
paralleled by unprecedented pollutions of open waters and sewage systems beyond organic 
matters. In fact, industrial pollutants and heavy metals transform these water bodies into hostile 
environments for the living biota, including lymphatic filariasis vectors. Therefore, the issue of 
uncontrolled urbanisation and poor waste-water management as a consequence, gains further 
importance here.  
In urban settings, integrated vector management comprising environmental management 
(e.g., draining) and biological (e.g., introduction of larvivorous fish), chemical (e.g., application 
of larvicides), and physical (e.g., use of bed nets) control measures can have a significant impact 
on lymphatic filariasis transmission. A prominent example is the community-based integrated 
control programme in Pondicherry, India (Rajagopalan et al., 1987). Despite a somewhat higher 
worm load 5 years after the control programme was launched, transmission parameters dropped 
significantly. The reason for the increase of the worm load might be due to smaller mosquito 
populations feeding more exclusively on humans (Samuel et al., 2004). Another example of 
how an integrated control approach with strong emphasis on environmental management 
impacts on lymphatic filariasis was described by Chernin (Chernin, 1987). In Charleston, South 
Carolina, southern United States, bancroftian filariasis, which was introduced by African slaves, 
disappeared after the municipal sanitation system had been improved. These measures were 
initially intended to fight typhoid fever and related infectious diseases. However, they indirectly 
reduced polluted domestic waters and therefore reduced the available breeding- sites for filaria 
transmitting Cx. quinquefasciatus.  
To further strengthen and expand the current evidence base of the contextual determinants 
of lymphatic filariasis, additional investigations are warranted. It would be of particular interest 
to document qualitatively and quantitatively both transmission and disease parameters, coupled 
with overall changes in key demographic, health, and socioeconomic parameters over the course 
of major water-resources development projects, such as irrigation schemes and large dams. 
Moreover, it is essential to investigate the role of urban lymphatic filariasis, particularly in the 
light of rapid and uncontrolled urbanisation. These investigations are likely to be carried out 
only if they are incorporated as part of comprehensive waste management and sanitation 
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programmes, driven by the need to establish and finance systemic health systems at the city, 
district, and regional levels. We conclude that integrated vector management, taking into 
account environmental, biological and socioeconomic determinants, should receive more 
pointed consideration, as it is a promising approach to complement mass drug administration 
programmes that form the backbone of the GPELF. Without an integrated control approach, the 
ambitious goal to eliminate lymphatic filariasis as a public health problem by 2020 might 
remain elusive. 
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8.1 Abstract  
The objective of this review was to comparatively assess the effectiveness of different dengue 
vector control interventions (i.e. chemical control, biological control, environmental 
management and integrated vector management) on selected entomological parameters. We 
systematically searched PubMed, ISI Web of Science, Science Direct, Dengue Bulletin of the 
World Health Organization and reference lists of articles for dengue vector control interventions 
implemented in developing countries. We extracted data on effectiveness of different dengue 
vector control interventions and calculated combined relative effectiveness including 95% 
confidence intervals (conf. int.). We identified 56 publications with 61 dengue vector control 
interventions. We found that integrated vector management is the most effective method to 
reduce the Breteau index (BI), the house index (HI) and the container index (CI), resulting in 
random combined relative effectiveness of 0.33 (95% conf. int.: 0.22-0.48), 0.17 (95% conf. 
int.: 0.02-1.28), and 0.12 (95% conf. int.: 0.02-0.62), respectively. Environmental control 
showed a relatively low effectiveness, i.e. 0.71 (95% conf. int.: 0.55-0.90) for the BI, 0.43 (95% 
conf. int.: 0.31-0.59) for the HI and 0.49 (95% conf. int.: 0.30-0.79) for the CI. Biological 
control (relative effectiveness for the CI: 0.18) usually targeted a small number of people 
(median population size: 200; range: 20-2500), whereas integrated vector management focused 
on larger populations (median: 12,450; range: 210-9 600,000). In conclusion, dengue vector 
control is effective, particularly when interventions use a community-based integrated approach 
and are tailored to local eco-epidemiological and socio-cultural settings. Vector control 
activities should be combined with educational programmes that aim at changing knowledge 
and practice of domestic water storage and they should go hand-in-hand with improvements of 
reliable provision of safe drinking water. 
 
Keywords: Aedes, biological control, chemical control, dengue, effectiveness, environmental 
management, integrated vector management, meta-analysis, systematic review, vector control. 
8.2 Introduction 
Dengue is an emerging arboviral disease that is mainly transmitted by Aedes (Stegomyia) 
aegypti and Ae. albopictus. Both mosquito species show breeding preferences for domestic 
water containers. Dengue emerged in the 1940s and rapidly spread across the tropics and sub-
tropics (Kroeger and Nathan, 2007). Its proliferation is multi-factorial and is influenced by 
population growth, increase of domestic and international travel, trans-continental transportation 
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of commodities (e.g. tires), introduction of new virus subtypes, changing habits in domestic 
water use (e.g. water storage due to unreliable provision of drinking water), lack of political 
will, and limited financial and human resources to implement effective control measures (WHO, 
2002). Today, dengue is endemic in over 100 countries with an estimated 2.5 billion people at 
risk. The global incidence is 50-100 million cases annually, with up to 500,000 resulting in 
hemorrhagic fever (DHF) and dengue shock syndrome (DSS). An estimated 19,000 deaths are 
attributable to dengue each year. The estimated global burden due to dengue is 616,000 
disability-adjusted life years (DALYs), largely concentrated in South-East Asia (WHO, 2004. 
At present, there is no vaccine available against dengue and there are no drugs to treat 
DHF and DSS, and hence vector control remains the cornerstone for the prevention and control 
of dengue (Kay, 1999). The use of dichlorodiphenyltrichloroethane (DDT) was one of the first 
chemical control measures targeting the adult stages of the dengue vector. Significant reductions 
of vector populations were achieved, but the development of DDT resistance was one of the key 
factors that led to a re-emergence of dengue since the 1960s (WHO, 1997). In the meantime 
second and third generation insecticides became available (e.g. malathion and pyrethroids). 
However, chemical control of dengue vectors has shortcomings, including environmental 
contamination, bioaccumulation of toxins and concerns regarding human toxicity, especially 
linked to the use of insecticides in drinking-water containers (Curtis, 2000 and Lines). 
Alternative vector control methods have emanated, yet there is a paucity of evidence regarding 
their effectiveness and applicability in different eco-epidemiological settings (WHO, 2007). 
Alternative methods consist of biological control (e.g. introduction of larvivorous organisms 
such as fish, copepods and insect larvae into water containers), the release of transgenic vectors 
(aimed at reducing or even replacing the wild type vector population with one that has a reduced 
capacity to transmit and reproduce) and environmental management (e.g. source reduction, 
provision of safe water, covering and screening of water containers, and reduction of human-
vector contact by screening doors and windows and using insecticide-treated nets). Integrated 
control measures have also emanated, usually facilitated through community-based approaches 
(WHO, 1997; Heintze et al., 2007). 
There is growing consensus that the scarce resources available for mitigating tropical 
public-health problems should be utilised in an evidence-based and cost-effective manner (Baly 
et al., 2007). Systematic reviews and meta-analysis lend themselves for appraisal of different 
control interventions, as shown, for example, for water, sanitation and hygiene interventions to 
prevent diarrhoea (Fewtrell et al., 2005) or environmental management for malaria control 
(Keiser et al., 2005). Here, we systematically reviewed the literature for effectiveness studies of 
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biological control, chemical control, environmental management and integrated vector 
management for dengue vector control in developing countries. The effects of the different 
control interventions were compared by means of a meta-analysis and emphasis was placed on 
different entomological outcomes. 
8.3 Materials and methods 
8.3.1 Search strategy and selection criteria 
The objective of our systematic review was to identify all published studies that investigated the 
effectiveness of different dengue vector control interventions, i.e. chemical control, biological 
control, environmental management and integrated vector management, in developing countries. 
Environmental management comprises three main approaches, namely (i) environmental 
modification, (ii) environmental manipulation, and (iii) modification or manipulation of human 
habitation or behaviour, to reduce man-vector contact (WHO 1982; Keiser et al., 2005). 
We systematically searched PubMed (http://www.ncbi.nlm.nih.gov), ISI Web of Science 
(http://www.isiknowledge.com) and Science Direct (http://www.sciencedirect.com) from the 
beginning of the databases (e.g. 1945 for PubMed) to December 2007. We also searched the 
Dengue Bulletin of the World Health Organization (WHO), since this journal is not indexed in 
the above-mentioned databases. We used the following key words: “dengue” in combination 
with “Aedes aegypti”, “Aedes albopictus”, “control”, “intervention” and “management”. 
Our inclusion criteria were as follows. First, with a few exceptions, we only considered 
studies from low- and middle-developed countries, i.e. countries with a human development 
index (HDI) ≤ 0.8 of the latest United Nations Development Report (UNDP, 2008). The four 
exceptions were (i) Brazil (HDI = 0.800), (ii) Trinidad and Tobago (HDI = 0.814), (iii) Mexico 
(HDI = 0.829), and (iv) Cuba (HDI = 0.838). These countries have a history of severe dengue 
outbreaks, limited resources for control and some communities lack of access to safe and 
reliable drinking water supplies (WHO, 2004). Second, publications that reported data obtained 
from either longitudinal surveys or cross-sectional surveys carried out in different settings were 
considered. Vector control trials that were performed under laboratory or semi-field conditions 
(e.g. placement of water containers in or around houses) were excluded. Third, only those 
studies in which buildings, water containers or people were selected at random were considered. 
Fourth, only studies with a known sample size and with data that could be transformed into 
Breteau index (BI), container index (CI), house index (HI) or dengue incidence (IN) were 
included. The first three indices were chosen since they are the most frequently used 
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entomological indicators for the risk of dengue transmission. BI specifies the number of 
containers with immature Aedes spp. larvae per 100 houses; CI indicates the percentage of water 
containers positive for immatures; and HI gives the percentage of houses with water containers 
containing immatures. Incidence was included since it is the most appropriate indicator to 
measure effectivenes of control programmes. 
Neither publishing-date limits nor language restrictions were set for database searches. 
Titles, abstracts and key words of retrieved publications were screened to determine if they 
fulfilled our inclusion criteria and, if so, articles were studied in full. 
8.3.2 Data extraction and statistical analysis 
Entomological outcome measures were extracted by comparing data from pre- and post-
intervention or between control and intervention sites. If there was multiple sampling, e.g. at 
different places and at different times, means or medians were calculated as appropriate. Post-
intervention data of follow-up studies was only considered up to 1 month after the end of control 
activities. Pre-intervention data was adjusted for changes that occurred in the mosquito 
population of the control site during the course of the intervention. These changes were 
considered as natural fluctuations, and thus independent from the interventions. For example, if 
a reduction of 20% was observed in the control population during the course of the study, this 
reduction was not counted as intervention-related. Further details about data extraction of each 
study are available from the authors on request. 
Studies in which the relative effectiveness, which was defined as 1 minus the relative 
reduction of the measure (e.g. CI), was below 1.0 indicate a reduction caused by the intervention 
compared with the control or the pre-intervention phase. A relative effectiveness of 0 indicates 
elimination of the vector population or IN and relative reduction > 1.0 an increase of the 
corresponding measure in the targeted area. The relative effectiveness including 95% confidence 
interval (conf. int.) was calculated using StatsDirect statistical software (version 2.4.5; 
StatsDirect Ltd, Cheshire, U.K.). Meta-analyses were carried out for those interventions where 
at least five studies were identified that used the same outcome measure. Between-study 
heterogeneity was examined with Cochrane’s Q-statistics and potential publication bias was 
measured using Egger’s test, where a small-study bias is evident when P ≤ 0.1 (Sterne et al., 
2001). A random-effects model was applied to compute the pooled relative effectiveness of the 
intervention in case the test of heterogeneity was significant (P < 0.05) (DerSimonian and Laird, 
1986). In StatsDirect we used incidence rate ratio (IRR) for BI and relative risk (RR) meta-
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analysis for CI and HI. We also estimated the median duration and the median population size of 
the interventions. 
8.4 Results 
8.4.1 Characteristics of studies identified 
Our literature search yielded 56 publications. From these, we could extract relevant data from 61 
dengue vector control interventions implemented in 23 different countries. Table 8.1 
summarises the number of interventions, stratified by type and geographical region (UN, 2005). 
Over one-third (n = 27) of the interventions were carried out in South-East Asia, primarily 
Thailand. The earliest intervention dated back to 1945 (De Caires, 1947). The numbers of 
studies published in 1968-1987 and in 1988-2007 was 16 and 43, respectively. 
One intervention was an emergency response to a dengue outbreak using insecticide 
spraying (Goettel et al., 1980). From the 42 studies included in our meta-analyses, 25 used the 
BI, 28 used the CI and 18 the HI. Due to a low number of studies (n < 5) we could not perform 
meta-analyses for all types of intervention. For chemical control, for example, we only 
performed a meta-analysis calculating the combined effect of outdoor insecticide spraying 
utilising the BI. No meta-analysis could be performed for IN, since there were less than five 
studies in each intervention group. We did not assess the effect of intervention for Ae. aegypti 
and Ae. albopictus separately, although the vectors have different (but sometimes overlapping) 
habitats. Our position is justified because only few studies reported data on the different vectors 
and Ae. albopictus populations analysed were usually small. 
8.4.2 Chemical control 
The results from the 19 studies that focused on chemical control of dengue vectors are 
summarised in Table 8.2. The most frequently used chemicals were formulations containing 
temephos (AbateTM) (n = 7), malathion (n = 4), fenitrothion (n = 4) and pyrethroids (n = 3). 
Temephos was used for treating water containers, hence targeting the larval/pupal stages of 
dengue vectors. Malathion and fenitrothion were used for indoor and outdoor spraying, hence 
targeting the adult vector stages. The following examples illustrate typical features of chemical 
control. In a study carried out in Koh Samui island, Thailand, containers of households of 31 
500 people were treated with the larvicide temephos, whereas malathion was sprayed inside and 
outside the walls of houses. The CI dropped from 54.5% pre-intervention to 5.2% post-
intervention, which translates to a relative effectiveness of 90% (Gould et al., 1971). In the late 
1970s, ultra low volume (ULV) malathion was sprayed from an aircraft targeting an area of 748 
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houses in Buga, Colombia. The CI decreased from a baseline of 2.4% to 2.0% (Uribe et al, 
1984). The elimination of dengue vectors in containers was achieved in three studies following 
the treatment of containers with temephos and insecticide spraying (Bang et al., 1972; Nathan 
and Giglioli, 1982; De Caires, 1947). 
 
Table 8.1: Number of dengue vector control interventions, stratified by region and intervention type, 
identified in our systematic review 
Study feature Publication period 
 1945-1967 1968-1987 1988-2007 Total 
No. of interventions 2 16 43 61 
Region 
 South-Eastern Asia 1 8 18 27 
 South-Central and Eastern Asia - 2 3 5 
 Caribbean - 3 7 10 
 Central America - - 8 8 
 South America 1 2 4 7 
 Polynesia and Melanesia - - 4 4 
Intervention type 
 Chemical control 1 11 7 19 
 Biological control - 2 8 10 
 Environmental management - - 14 14 
 Integrated vector management 
    Environmental management plus chemical control - 1 7 8 
    Environmental management plus biological control 1 2 7 10 
 
Among the group of chemical vector control, we considered four sub-groups, namely 
larviciding, in- and outdoor adulticiding and the latter two methods combined. Only the group 
on outdoor adulticiding that measured the BI contained more than four studies, and hence was 
subjected to meta-analysis. Figure 8.1 shows that the BI was effectively reduced by > 75% (95% 
conf. int.: 0.05-1.19). Publication bias in the meta-analysis was unlikely (P = 0.17). However, 
the DerSimonian-Laird test of heterogeneity indicated a P-value slightly below 0.1. 
8.4.3 Biological control 
Table 8.3 shows the results from 10 biological control interventions targeting dengue vectros. 
Organisms used were copepods, i.e. Mesocyclops spp. (n = 3), fish (n = 4), Toxorhynchites spp. 
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(n = 2) and Crocothemis spp. (n = 1) insect larvae. In the Guangxi-Zhuang region in China, for 
example, stockage with catfish (Clarias fuscus) reduced the CI by 78%, and the HI by 74% (Wu 
et al., 1987). In Chiapas, Mexico, the introduction of larvivorous fish (Poecilia spp., Ictalurus 
spp., Astyanax spp., Lepisostus spp. and Brycon spp.) resulted in the elimination of immature 
Aedes spp. in containers of 325 households (Martínez-Ibarra et al., 2002). 
The pooled random relative effectiveness of CI for nine studies that used biological control 
was 0.18 (95% conf. int.: 0.07-0.44) (Figure 8.2). According to Egger’s test, there was a likely 
publication bias (P = 0.08). There were insufficient studies to calculate a combined RR with 
regard to biological control when using the BI and HI as outcome measures. 
8.4.4 Environmental management 
Table 8.4 summarises the effects of 14 environmental management interventions on 
entomological measures. The most widely employed methods were the removal of unused water 
vessels and coverage of water containers. 
A typical example of environmental management for dengue vector control is the study 
carried out in Khon Kaen, Thailand. Coverage of water containers with lids in the 966 
participating households resulted in a decrease of the CI from 37.6% to 12.1% (Phuanukoonnon 
et al., 2005). In 1994, in Hai Hung province, Vietnam, elimination of infested containers was 
achieved by screening doors and windows with insecticide-treated materials (Igarashi, 1997). 
As shown in Figure 8.3, the combined random relative effectiveness of nine studies that 
measured BI was 0.71 (95% conf. int.: 0.55-0.90). A combined relative effectiveness of 0.43 
(95% conf. int.: 0.31-0.59) was calculated for seven environmental management interventions 
that measured the CI (Figure 8.4). A slightly higher relative effectiveness was found with regard 
to HI, i.e. 0.49 (95% conf. int.: 0.30-0.79) (Figure 8.5). However, the Egger’s test suggests that 
there is publication bias for the meta-analysis of BI ( P = 0.09) and HI (P = 0.08), respectively. 
8.4.5 Integrated vector management 
Table 8.5 summarises vector control interventions that used an integrated approach. 
Environmental management was the central feature, combined with chemical interventions (n = 
13) or biological control measures (n = 5). In Santiago de Cuba, for example, a community-
based programme emphasised source reduction, removal/covering defective water containers 
and water treatment with larvicides. The CI, which was already low pre-intervention (0.18%), 
was further reduced to 0.06% (Toledo et al., 2007; Baly et al., 2007). Another community-based 
educational programme implemented in the central provinces of Vietnam aimed at source 
reduction coupled with the introduction of Mesocyclops spp. copepods. The programme targeted 
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a population of 27,167 people and achieved a reduction of the CI from 21.3% to 9.8% (Nam et 
al., 2005). On the other hand, integrated dengue vector control approaches implemented in Saint 
Vincent and the Grenadines (Tikasingh and Eustache, 1992), Mexico (Espinoza-Gómez et al., 
2002) and Trinidad and Tobago (Chadee et al., 2005) resulted in only modest reductions of 
entomological parameters (relative effectiveness > 0.5). In Cuba, a national dengue elimination 
programme was launched in the early 1980s. Interventions consisted of community-based 
education and law enforcement, in- and outdoor spraying, water-treatment and source-reduction. 
Within 3 years the number of reported annual cases dropped from a total of 12,456 to 23 cases 
per 100 000 people (Armada Gessa and Figueredo González 1986). However, in the late 1990s 
dengue emerged again due to immigration from endemic areas and the breakdown of control 
efforts (Kouri et al., 1998). 
The combined relative effectiveness for the 11 studies using environmental management 
combined with chemical control and measuring the BI was 0.33 (95% conf. int.: 0.22-0.48). For 
the nine studies that used CI as an outcome, a combined relative effectiveness of 0.17 (95% 
conf. int.: 0.02-1.28) was found. The HI was reduced by 89% (relative efficacy: 0.12, 95% conf. 
int.: 0.02-0.62) based on the results from seven studies (Figures 8.6, 8.7, and 8.8). The results of 
the latter analysis indicate that there was a small-study bias (P < 0.1). 
8.4.6 Size and duration of interventions 
Table 8.6 shows the median duration and size of the different dengue vector control 
interventions. The shortest duration was calculated for chemical interventions applying water 
treatment (2.5 months) and the longest for integrated vector management using environmental 
management plus biological control (20.5 months). The largest dengue vector control 
interventions in terms of number of people covered were interventions that applied spraying and 
treatment of containers (median population size: 16,400). The smallest interventions were 
dengue vector control programmes using biological control (median population size: 200). 
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Figure 8.1: Performance of outdoor insecticide spraying against dengue vectors measured by the Breteau 
index (BI). The diamond and the vertical broken line represent the combined random relative effectiveness; 
the rectangles represent the relative effectiveness of individual studies; the sizes of the rectangles 
represent the weight given to each study in the meta-anaysis; the horizontal lines represent the 95% 
confidence intervals (conf. int.); and the solid vertical line is the null value 
 
 
Figure 8.2: Performance of biological control against dengue vectors measured by the the container index 
(CI). The diamond and the vertical broken line represent the combined random relative effectiveness; the 
rectangles represent the relative effectiveness of individual studies; the sizes of the rectangles represent 
the weight given to each study in the meta-anaysis; the horizontal lines represent the 95% confidence 
intervals (conf. int.); and the solid vertical line is the null value 
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Figure 8.3: Performance of environmental management against dengue vectors measured by the the 
Breteau index (BI). The diamond and the vertical broken line represent the combined random relative 
effectiveness; the rectangles represent the relative effectiveness of individual studies; the sizes of the 
rectangles represent the weight given to each study in the meta-anaysis; the horizontal lines represent the 
95% confidence intervals (conf. int.); and the solid vertical line is the null value 
 
 
Figure 8.4: Performance of environmental management against dengue vectors measured by the container 
index (CI). The diamond and the vertical broken line represent the combined random relative effectiveness; 
the rectangles represent the relative effectiveness of individual studies; the sizes of the rectangles 
represent the weight given to each study in the meta-anaysis; the horizontal lines represent the 95% 
confidence intervals (conf. int.); and the solid vertical line is the null value 
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Figure 8.5: Performance of environmental management against dengue vectors measured by the house 
index (HI). The diamond and the vertical broken line represent the combined random relative effectiveness; 
the rectangles represent the relative effectiveness of individual studies; the sizes of the rectangles 
represent the weight given to each study in the meta-anaysis; the horizontal lines represent the 95% 
confidence intervals (conf. int.); and the solid vertical line is the null value 
 
 
Figure 8.6: Performance of integrated vector management (environmental management combined with 
chemical control) against dengue vectors measured by the Breteau index (BI). The diamond and the vertical 
broken line represent the combined random relative effectiveness; the rectangles represent the relative 
effectiveness of individual studies; the sizes of the rectangles represent the weight given to each study in 
the meta-anaysis; the horizontal lines represent the 95% confidence intervals (conf. int.); and the solid 
vertical line is the null value 
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Figure 8.7: Performance of integrated vector management (environmental management combined with 
chemical control) against dengue vectors measured by the container index (CI). The diamond and the 
vertical broken line represent the combined random relative effectiveness; the rectangles represent the 
relative effectiveness of individual studies; the sizes of the rectangles represent the weight given to each 
study in the meta-anaysis; the horizontal lines represent the 95% confidence intervals (conf. int.); and the 
solid vertical line is the null value 
 
 
Figure 8.8: Performance of integrated vector management (environmental management combined with 
chemical control) against dengue vectors measured by the house index (HI). The diamond and the vertical 
broken line represent the combined random relative effectiveness; the rectangles represent the relative 
effectiveness of individual studies; the sizes of the rectangles represent the weight given to each study in 
the meta-anaysis; the horizontal lines represent the 95% confidence intervals (conf. int.); and the solid 
vertical line is the null value 
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8.5 Discussion 
We presented the first systematic review and meta-analysis that assesses the effectiveness of 
different dengue vector control interventions, including chemical and biological control, 
environmental management and integrated vector management. As outcome measures we 
considered different entomological parameters. For the BI, we found pooled relative 
effectiveness ranging between 0.24 (indoor insecticide spraying) and 0.71 (environmental 
management). For CI, the relative effectiveness ranged between 0.17 (integrated vector 
management) and 0.43 (environmental control). Finally, for the HI, the relative effectiveness of 
integrated vector management was high (0.12), but considerably lower for environmental 
management (0.49). 
Five out of ten chemical control interventions that applied adulticiding by space spraying 
achieved relatively low effectiveness (> 0.40) (Lofgren et al., 1970; Pant et al., 1971; Uribe et 
al., 1984; Mani et al., 2005). A possible explanation of this observation is that once spraying 
activities were completed, vector populations re-emerged. However, in case the performance 
was measured shortly after spraying activities, the effectiveness usually was high. The five 
interventions that applied larviciding by treating water containers with insecticides as a single 
measure achieved slightly better results and the control effect lasted slightly longer 
(Geevarghese et al, 1977; Lofgren et al., 1970; Bang et al., 1972; Bang and Pant, 1972; 
Phuanukoonnon et al., 2005). Local elimination of dengue vectors was achieved on the Cayman 
islands, in Guyana and in parts of Bangkok (Nathan et al., 1982; Bang et al., 1972; De Caires, 
1947). These successes were explained by the implementation of vertical control programmes 
with large amounts of insecticides, high numbers of staff and considerable financial resources. 
Since most dengue endemic areas are resource-constraint, this approach is not feasible in most 
settings. It is noteworthy that nine out of the 16 chemical control studies were conducted more 
than 25 years ago. 
Chemical control, particularly space spraying, has limited acceptance, partially explained 
by the perceived negative impacts on the environment and human health (Curtis and Lines, 
2000). Over the past three decades concerns about environmental contamination and emergence 
of vector resistance to insecticides resulted in a policy shift from outdoor space-spraying to a 
more targeted and long-lasting use of insecticides, such as water container treatment with 
temephos and indoor-residual spraying and the use of insecticide-treated curtains (Kroeger et 
al., 2006; Mani et al., 2005). For emergency interventions during dengue outbreaks, targeting 
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adult vectors by outdoor ULV application of insecticides and indoor aerosol cans remain the 
methods of choice (WHO, 1997). 
Important features of biological control include that the supply of indigenous larvivorous 
fish, copepods or insect larvae from local sources usually is cheap and maintenance can be done 
by house owners upon minimal training (Kay and Nam, 2005). Issues that probably contributed 
to the good performance of biological control in reducing the CI (combined relative 
effectiveness: 0.18) are that the interventions were usually implemented by professional staff, 
and studies included in the present meta-analyses were of short duration and covered small 
areas. Indeed, effects were usually measured shortly after the intervention. A shortcoming of 
biological control is that the populations of larvivorous organisms often could not be maintained 
over the entire course of the intervention (Jennings et al., 1995; Gerberg et al., 1978). Hence, 
biological control interventions against dengue vectors should go hand-in-hand with 
community-based educational programmes that aim at training householders to adequately use 
water containers in order to maintain the populations of larvivorous organisms (Kay et al., 2005; 
Kay et al., 2002; Nam et al., 2005; Heintze et al., 2007). Biological control needs to be locally 
adapted, hence taking into account cultural habits to store water and social acceptability of 
keeping living organisms in storage containers of drinking water. 
With regard to the BI, CI and HI, environmental management interventions were among 
the least effective. The low performance regarding BI and HI could be explained by the fact that 
this method reduced the number of positive containers per house, but was less effective on 
reducing the number of houses free of positive containers. Hence, for dengue vector control, 
drainage, intermittent irrigation and waste-water management seem to be less efficacious 
environmental management strategies compared to malaria (Keiser et al., 2005; Utzinger et al., 
2002). The reduction of breeding sites (e.g. disposal of unused containers) and sealing of 
containers with lids or nets are key environmental management strategies for dengue vectror 
control. Since these activities are implemented by the household members, they require sound 
health education, ideally embedded in interventions that address different aspects of behaviour 
(Heintze et al., 2007). 
The relative effectiveness of dengue vector control programmes to reduce the BI, CI and 
HI using integrated approaches were significantly better when compared to environmental 
management alone. This supports the wisdom that combining interventions produces a higher 
overall effect. For malaria, there is growing evidence that integrated control approaches are 
highly effective (Killeen et al., 2004; Utzinger et al., 2002). We conjecture that in the case of 
the investigated dengue vector control interventions, integrated vector management covered 
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larger areas and populations, and hence overall effects might be even higher in comparison to 
the other methods. In addition, their effect is likely to be more sustainable and usually 
community-based rather than implemented by specialised teams in a vertical manner. 
Community-based interventions are more likely to be sustainable, as they may change behaviour 
and induce social mobilisation (Toledo Romani et al., 2007; Pérez et al., 2007). 
Our study has several limitations. The main shortcoming is that the classical Stegomyia 
indices, namely BI, CI and HI are imprecise proxy measures for the transmission potential and 
thus for the protective efficacy of the interventions. They fail to take into account that different 
water containers vary in their productivity of adult vectors and they do not consider human 
population density, human-vector contact and the fraction of infective vectors. Historically, BI, 
CI and HI were applied in areas with rather small Aedes spp. populations, and local elimination 
was the declared objective (Connor and Monroe, 1923). Recently, an alternative measure has 
been proposed, the so-called pupal/demographic survey technique (TDR, 2003). This method 
defines the ratio of Aedes spp. pupae to humans in the surrounding of a breeding site and 
identifies container types that are producing most of adult vector population. Besides a more 
accurate proxy for the transmission potential, this measure allows allows targeting the most 
productive container types and monitoring the effectiveness of vector control interventions 
(TDR, 2003). Historically, the human landing catch was utilised for measuring dengue 
transmission, but has been abanded due to ethical reasons. For quantitative appraisal of malaria 
transmission intensity, human landing catch is still performed and the entomological inoculation 
rate estimated (Smith, et al., 2005). Second, although publication bias could be ruled out for the 
majority of our meta-analysis, it is conceivable that some of the least effective studies might not 
have been published in the peer-reviewed literature. Efforts should thus be made to scrutinise 
the ‘grey literature’ (e.g. unpublished reports, books and dissertations, and reports from health 
and agricultural ministries). Third, in contrast to a meta-analysis of clinical studies, where the 
primary outcome measure is standardised, vector control interventions are highly variable in 
terms of biological, environmental, political and socio-economic determinants (Spiegel et al., 
2007). Indeed, the studies that met our inclusion criteria were carried out in settings with 
different levels of dengue vector abundance and transmission intensity. However, most areas 
were characterised by high BI, CI, and HI. 
The impact of vector control measures on the incidence of dengue was measured in only 
ten studies. There were insufficient data to compare between different intervention types. Thus a 
concluding assessment of the impact of control methods on dengue morbidity was not possible. 
In fact, dengue incidence as an indicator to evaluate the effectiveness of control programmes has 
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to be interpreted with caution since dengue outbreaks occur in irregular cycles and vector 
control interventions that respond to dengue outbreaks often appear effective since fewer cases 
are recorded in subsequent outbreaks. Dengue incidence as a measure for vector control 
effectiveness might be more meaningful when monitored over longer periods (Siqueira et al., 
2005). 
In conclusion, vector control indeed is effective against dengue vectors, particularly when 
interventions use a community-based integrated approach and are tailored to local eco-
epidemiological and socio-cultural settings. When resources allow, vector control activities 
should be combined with educational programmes as a means to change knowledge and practice 
of domestic water storage (WHO, 1997). Ideally, they go hand-in-hand with improvements of 
reliable provision of safe drinking water. In the long-term, updating health legislation might give 
vector control programmes a legal foundation and leverage for law enforcement (Chan and Bos, 
1987). The allocation of additional means for dengue research and control might be 
legitimatised once the costs per case of DHF, DSS or DALY averted have been quantified, 
which in turn will guide policy makers to obtain the maximum possible societal benefit 
(McConnell and Gubler, 2003). There is also a pressing need to comparatively assess the cost-
effectiveness of different dengue vector control strategies (Baly et al., 2007). In the meantime, 
tools for dengue vector control are readily available and as shown in the current systematic 
review and meta-analysis, their effectiveness is quite impressive. 
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9. Discussion 
The framework of this PhD thesis is centred around ascertaining the nature and scale of health 
impacts caused by water resources development and management projects in order to facilitate 
the prevention and mitigation of these impacts. The thesis is composed of four parts, each of 
which explored the topic from a different perspective. In the current chapter parts I-IV are 
discussed and recommendations for future research needs and suggestions for how to enhance 
positive and mitigate negative health effects due to water resources development and 
management projects are made.  
9.1 Part I - Large dams 
9.1.1 Large dams and human health 
To date, an estimated 45,000 large dams have been constructed worldwide and approximately 
2000 new dams are projected in the near future. The majority of dams built in the past, were 
done so without due consideration of environmental, health and social aspects. Indigenous 
populations, ethnic minorities or poor people are particularly vulnerable to large dam projects 
(Jobin, 1999). Most of the projected dams will be built in low- and middle income countries. 
Projected effects are substantial since some communities will be strongly affected and the rivers 
and watersheds where the projects will be implemented are often fragile ecosystems, and hence 
efforts for conservation should be made (WCD, 2000). 
However, at a global scale the major part of the potential to dam water for various 
purposes is already explored. In the future, more activity will be seen in decommissioning old 
dams and in modifying and upgrading existing dams, which implies increased storage 
capacities. Dismantling dam infrastructures can create various problems. By removing dams the 
whole river ecosystem will again change substantially. It will have consequences far up- and 
downstream and will affect riparian populations. Decommissioning dams should not be seen as 
going back to conditions before the dam was built but as creating a new, i.e. hitherto unknown 
third state of the environment. This change will not end after decommissioning works are 
accomplished but the environment and the local society will slowly adapt to a new condition, 
which is likely to take several years or even decades (Howard, 2000). From a health and social 
view point, dam decommissioning should therefore be seen similar to a new dam project, and 
hence HIAs should be conducted accordingly. The likely shift from building new dams to the 
management and decommissioning of existing dam projects calls for new strategies for 
mitigating adverse effects and enhancing positive ones. There is a paucity of experience and 
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expertise, thus future HIAs will be crucial to build up this knowledge-base. With regard to 
health, the following questions need to be addressed: First, what is the nature of change and the 
impact on health when dam projects are decommissioned or upgraded? Second, how can the 
method of HIA be appropriately adapted to dam commissioning activities? Third, how can 
health impacts be measured and changes monitored?  
Following, there is a selection of issues that should be addressed by all stakeholders who 
are involved in the planning, financing and executing of dam decommissioning. 
(1) There should be international guidelines on dam decommissioning and modification. A 
part of it was already covered by guidelines of the World Commission on Dams (WCD). 
(2) There should be a body, ideally the WCD, that brings together any information about 
projected decommissioning and modification of dams. The International River Network 
(IRN, 2007) has done first steps into this direction, however it is a non-profit, non-
governmental advocacy group with few legal instruments. 
(3) By necessity, HIA should be carried out before dams are decommissioned and before 
plans for dam modifications are defined. 
(4) Before decommissioning or modification is commenced, baseline data on environmental 
indicators, health status and population structures should be made available. There 
might be a need to carry out some baseline appraisal to have the relevant data at hand 
for monitoring long term effects. 
9.1.2 The NT2 Hydroelectric Project 
In many respects NT2 is a case model for dam projects. The WCD advocated 5 core values for 
decision-making for dam projects, namely (i) equity, (ii) efficiency, (iii) participation, (iv) 
sustainability, and (v) accountability (WCD, 2000). Careful analysis of all available documents 
that are disclosed online (http://www.namtheun2.com), shows that these core values were 
mostly met. A certain grade of equity is achieved by the social development plan for Nam NT2 
and by the resettlement action plan. Participation was achieved by involving affected 
communities, international non-governmental organisations and the government of Lao PDR 
into the planning and execution of the project. Sustainability is being achieved by investing 
revenues into development projects, by protecting a large area of the water shed and by 
considering outcomes of the multi-year EIA, and the HIA. There is a high level of transparency, 
as the project is under international supervision. One of the main reasons why NT2 is a 
progressive project with regard to impact assessment (environmental, health and social) is the 
fact that the World Bank and the Asian Development Bank (ADB) are involved in financing. A 
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diversity of safeguards are required to obtain loans from development banks and must be strictly 
adhered to (World Bank, 2001). Moreover, the main shareholder Electricité de France 
Internationale (EDFI) is an European state-owned company which has social and environmental 
standards in place (EDFI, 2007). However, when scrutinising publicly available documents, 
there were several shortcomings in connection with the public health programmes of NT2. The 
most important shortcomings are listed here.  
(1) For HIV/AIDS there is no baseline data available rendering monitoring and surveillance 
difficult. The question of who is in charge for HIV/AIDS prevention, surveillance and 
treatment programmes has to be clarified since the main target group (construction 
workers) are mainly working for sub-contractors. 
(2) The tuberculosis support activities should also include paragonimiasis, since the latter is 
endemic in Lao PDR and diagnosis of tuberculosis could be confounded with this lung 
fluke infection (Keiser and Utzinger, 2005). 
(3) Emerging acute diseases such as severe acute respiratory syndrome (SARS) and avian 
influenza should be addressed since some workers will come from abroad (e.g. 
Vietnam, China, Thailand and Cambodia). 
(4) With regard to vector-borne diseases more emphasis should be placed on dengue 
haemorrhagic fever (DHF) and typhus, particularly in the Xe Bang Fai area, and 
perhaps also on malaria. 
(5) Issues of design in relation to the construction of the new houses should be considered, 
namely to ensure that the new houses that are constructed in the resettlement areas have 
mosquito-proofed doors and windows and closed eaves and ceilings. These simple 
house design issues have proven effective for malaria control (Lindsay et al., 2003). 
(6) Future nutritional surveys should be combined with investigation of other health issues 
relevant for children and women of childbearing age. Of particular relevance are 
anaemia, Vitamin A deficiency, and helminth infections. 
(7) Insufficient emphasis was placed on unexploded ordnances (UXO) which remain a 
major threat to life and health in the region. 
Concluding, it should be emphasised that a neutral non-profit and non-governmental entity 
should monitor the implementation of the NT2 project. It has to be ensured that NTPC, the 
World Bank and the ADB uphold their commitments to the affected people, that environmental 
changes are minimised and that the revenues are used for poverty alleviation of the Lao people. 
Discussion 
188 
9.2 Part II - Health impact assessment 
Our systematic review of the peer-reviewed literature, using the keyword “health impact 
assessment”, revealed a total of 237 HIA-related publications. The retrieved publications reflect 
HIA-related activities in academia but they do only partly indicate the world of HIA outside 
scientific circles. HIA is manly found in the interface of policy, the private industry and 
investors. Usually HIA of projects, programmes and policies is carried out by independent 
consultants or by internal departments of governments or companies. Against this background, it 
is not surprising that only few HIA reports are being translated into manuscripts and published 
in the peer-reviewed literature.  
The independent consultant has to fulfil an assignment over a short period of time with a 
defined goal, which is mostly the generation of a report and counselling. The accomplishment of 
the contract, i.e. the submission of the report, ends the assignment for which the consultant is 
compensated. It is then the contractor (investor, company or government) that ‘owns the 
product’, i.e. the HIA report. Some reports may contain delicate, controversial or even 
confidential issues and therefore the contractor has limited interests in publishing the work. The 
private industry might also see publishing as too costly since it is time-consuming and not in 
their focus as a profit-oriented enterprise. 
The role of governments in relation with publishing reports of HIA is ambiguous. On the 
one hand they have limited interests in publishing delicate and controversial issues in connection 
with their projects, programmes or policies. On the other hand they could be blamed by the 
public for not being transparent enough about their activities. 
Other to scientists at universities, consultants are rewarded for analysing an infrastructure 
project or a new policy from the public health perspective and for synthesising conclusions in a 
way that it is of practical use for the contractor. For the consultant who wants to publish there is 
a risk to be in a conflict of interest since the livelihood depends on new mandates. Writing 
articles could harm the consultant’s reputation either on the contractor side when articles are too 
critical or on the academic side when they are biased by a business-oriented perspective.  
One of the main aims in academia is the advancement of knowledge and insight, i.e. 
outcomes of a HIA will help to advance methodological, conceptual and practical issues and can 
stimulate other researchers working on similar topics. Scientists are rewarded by academic 
success which is, to a certain extent, measured by the number and quality (impact factor) of 
published articles. Writing manuscripts is a labour-intensive endeavour, requires special skills 
and the scientist cannot risk that publications are blocked by the rights holder (e.g. contractor of 
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a project). Scientists, on the other hand, could lose their credibility if they fail to adhere to 
objectiveness. 
Indeed, publishing HIA-related articles is essential in order to further developed the HIA 
methodology (Kemm, 2003; Utzinger, 2004). Resource constraint governments and institutions 
in the developing world urgently need HIA-related information to create their own body of HIA 
experts. To make the sharing of information possible, outcomes need to be publicly accessible, 
also because projects, programmes and policies affect the public. 
In order to explore the coverage of HIA-related documentation at the internet, the term 
‘health impact assessment’ was entered on two widely used web-based search-engines (‘Google’ 
and ‘AltaVista’). Concurrently, this enabled us to obtain an overview of institutions, 
organisations and governments engaged in one way or the other in HIA. On ‘Google’, the WHO 
website for HIA (http://www.who.int/hia/en/), the ‘HIA gateway’ hosted by the National 
Institute for Health and Clinical Excellence (NICE) of the Government of the United Kingdom 
(http://www.hiagateway.org.uk), and the International Health Impact Assessment Consortium 
(IHIA), hosted by the University of Liverpool in the United Kingdom (http://www.ihia.org.uk/) 
featured prominently. On ‘AltaVista’, the search retrieved the HIA portal hosted by WHO, the 
HIA-page of the Department of Health and Ageing of the Australian government 
(http://www.health.gov.au/), whereby IHIA appeared first. 
Sites hosted by the WHO, the ‘HIA gateway’ and the IHIA provide databases with reports 
of completed HIA and references to books and articles. On the WHO site we identified 143 
entries of which 9 dealt with HIA in developing countries. On the ‘HIA gateway’ and the IHIA 
site, the respective numbers of entries were 155 and 112, of which 2 each focussed on the 
developing world. 
There remains the question how one could increase the number of high-quality HIA-
related articles in the peer-reviewed literature. The following thoughts are offered for 
consideration. 
(1) HIA should be recognised as an academic discipline in the interface of public health, 
natural, social and political sciences. This implies that resources should be provided 
without being bound to business interests. 
(2) HIA should be institutionalised and quality assurance made possible by defining quality 
standards that can be monitored by accredited institutions. HIA should have a legal 
basis, i.e. projects, programmes or policies can only be realised if HIA was done and its 
outcomes are implemented. This will give researchers and consultants more incentives 
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to publish their work, since through this process companies and governments are forced 
to make HIA outcomes more transparent and accessible to the public. 
(3) A legal basis should be created in order to make outcomes of HIA available for the 
public. This can be achieved by putting all relevant information on accessible online 
databases. On the other hand, information on technical elements, patented issues, 
intellectual property and issues of privacy that are not relevant for HIA should be 
proprietary. 
9.3 Part III - Lymphatic filariasis and Japanese encephalitis 
As discussed in the systematic reviews pertaining to Japanese encephalitis (article 4) and 
lymphatic filariasis (article 5), it became obvious that impacts caused by water resources 
development and management projects are idiosyncratic according to a given eco-
epidemiological setting. Impacts can be favourable or adverse but water resources development 
and management projects always impact directly or indirectly on transmission dynamics of 
vector-borne and water-based diseases. 
Undoubtedly, the potential impact of water resources development and management on 
transmission parameters of lymphatic filariasis and Japanese encephalitis is considerable, but 
many critical questions remain unanswered. Obviously, the paucity of lymphatic filariasis and 
Japanese encephalitis based studies in the context of water resources development and 
management projects cannot be caught up within the next few years. Here, a selection of 
important questions and research priorities in the field of lymphatic filariasis and Japanese 
encephalitis, without considering research pertaining to clinical aspects, drug development, 
immunology and molecular parasitology are discussed and research strategies proposed. 
 
Research priority 1 
What is the impact of water resources development and management projects on the frequency 
and transmission dynamics of lymphatic filariasis and Japanese encephalitis in different eco-
epidemiological settings? This fundamental question, whether or not, how and how much water 
resources development and management projects impact on the frequency and transmission 
dynamics of lymphatic filariasis remains to be answered. In the case of Japanese encephalitis, 
the central role of man-made water-bodies, i.e. irrigated agriculture is well proved but there is 
little knowledge about the variation of Japanese encephalitis transmission between different 
irrigation techniques. In the case of lymphatic filariasis, special attention has also to be paid to 
typical agricultural practices employed in the high burden areas (e.g. the use of waste-water for 
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irrigated rice agriculture). The question how water resource development and management 
projects impact on lymphatic filariasis and Japanese encephalitis can, however, only be 
answered satisfactorily when the epidemiological parameters in affected communities are 
monitored prior, during and after control interventions, i.e. environmental and social 
determinants, transmission indicators and infection and disease prevalences are under rigorous 
surveillance for a longer period. 
Research priority 2 
What is the relationship between filaria transmission and infection prevalence or infection 
intensity and clinical manifestation rates, particularly in regions with altered transmission 
(vector species succession, transmission intensification) due to water resources projects? The 
relation between transmission, the prevalence of infection and clinical manifestations for 
lymphatic filariasis and Japanese encephalitis has yet to be fully understood. In areas where 
ecological transformations have occurred, e.g. through the development of irrigation systems or 
dams, this issue gains in importance. Such transformations often lead to the creation of breeding 
sites or they diminish or alter existing breeding habitats suitable for vectors. As a consequence, 
the density of vector populations fluctuates and vector species compositions change. Therefore, 
environmental alterations potentially have an impact on transmission. It has to be assumed that 
higher filaria and Japanese encephalitis virus transmission gradually increases the worm burden 
of lymphatic filariasis and infection prevalence, respectively. Thus, morbidity and clinical 
manifestation rates are expected to increase. In the case of lymphatic filariasis, the connection 
between transmission, infection and morbidity is complex and often contradictory. Shedding 
light on these dynamics is an essential step towards a more complete understanding of the 
diseases. 
Research priority 2 
What are the specific risk factors, including ecological, epidemiological and socio-economic, of 
lymphatic filariasis and Japanese encephalitis in different settings? For prevention and 
sustainable control of lymphatic filariasis and Japanese encephalitis it is crucial to have a clear 
perception of its risk factors. To date, the vast majority of studies focused on transmission rates, 
infection prevalence or frequencies of clinical symptoms but did not define risk factors and 
other determinants of lymphatic filariasis and Japanese encephalitis. It is of considerable 
importance to investigate the major risk factors for lymphatic filariasis and Japanese 
encephalitis in the context of different eco-epidemiological settings. As already mentioned 
under item 1, the development of water resources results in new risks and can aggravate 
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common risk factors. Other determinants also alter key parameters of lymphatic filariasis and 
Japanese encephalitis.  
Taking the construction of irrigation systems as an example, the kind of risk factors and 
determinants that have to be considered and how their magnitude can be estimated are described 
here. 
Socio-economic factors: People in irrigated areas benefit from higher agricultural yields and can 
improve their socio-economic status. This translates into potentially better access to health 
services, increased means to purchase health services and products such as bed nets, and 
improved nutritional status (Ijumba and Lindsay, 2001). Alleviation of poverty will therefore 
have an impact on Japanese encephalitis incidence and particularly on the morbidity of 
lymphatic filariasis. Studies should always consider the socio-economic status of an affected 
population and differentiate groups with different levels of vulnerability, as well as the evolution 
of vulnerability over time. 
Population density and immigration: Areas in which irrigated agriculture is practiced or where 
man-made reservoirs are created, attract people and this results in higher population densities. 
Thus, the demographic structure around water resources development projects are changed. This 
may lead to the creation of several new risk factors, including those linked to waste-water 
accumulation, waste mismanagement and poor housing conditions. Furthermore, immigrants 
may be more susceptible to lymphatic filariasis and Japanese encephalitis if they come from 
regions with no or less filaria and Japanese encephalitis virus transmission. In turn, immigrants 
from regions where those two diseases are highly endemic could introduce them. New research 
is warranted to elucidate how higher population densities and human movement, in connection 
with water resources development, affect transmission and clinical manifestation of lymphatic 
filariasis and Japanese encephalitis. Migration of labour force (e.g. farmers) into areas where the 
two diseases are prevalent, results in an increased exposure to vectors. 
Artificial breeding-sites and habitat change: Irrigation creates or changes breeding sites that are 
suitable for vectors. New plants and animals or the marginalisation of species can lead to shifts 
in vector species composition, and can introduce new vector species. As a consequence, vector 
transmission parameters change and eventually the frequency and intensity of clinical 
manifestation will also change. To investigate these determinants, transmission parameters, 
vector species composition, infection prevalence and clinical manifestation rates have to be 
investigated prior, during and after the construction of irrigation systems. As the transmission 
can vary from year to year it is crucial to monitor these parameters over a period of several 
years. 
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Exposure: Exposure is a factor that directly influences vectorial capacity. If the human-vector 
contact is altered, this affects prevalence rates as well. The factors described above also 
influence human exposure to filaria and Japanese encephalitis virus transmitting mosquitoes. 
Socio-economic improvement can result in better housing conditions or an improved capacity to 
purchase insecticide-treated mosquito nets. Vector species composition shifts can promote 
mosquitoes whose ‘biting activity’ and host preference is different. We suggest that these factors 
are considered in future investigations. 
Research priority 4 
How big is the impact of rapid urbanisation, accompanied with lack of sufficient sanitation 
facilities, water-storage, urban and peri-urban subsistence agriculture or waste water 
mismanagement on the transmission of filariae? Currently, the connection between rapid and 
uncontrolled urbanisation and the proliferation of lymphatic filariasis is not well understood 
(Gbakima et al., 2005). This topic is, however, of considerable public health significance and is 
expected to further gain in importance, particularly in view of the rapid pace of urbanisation, 
notably in areas where lymphatic filariasis and to a lesser extent Japanese encephalitis, pose 
high levels of risk (Asia and sub-Saharan Africa) (Utzinger and Keiser, 2006). In shanty towns, 
for example, the building of small-scale irrigation systems, the storage of water for household 
consumption and the lack of improved sanitation facilities can influence the frequency and 
transmission dynamics of lymphatic filariasis and other vector-borne diseases, particularly 
dengue. Due to the rapid environmental transformation and population growth, peri-urban 
settings are considered to be particularly challenging for health research and planning. Our 
systematic review underscored the need to assess the importance and magnitude of urban 
lymphatic filariasis and we suggest this could best be achieved by the following study design. 
First, infection prevalence and morbidity of lymphatic filariasis can be assessed by means of 
cross-sectional studies carried out in various urban settings, e.g. in shanty towns, areas with 
subsistence agriculture and in inner cities. Second, breeding-sites of filaria vectors should be 
defined and the mechanics of their creation described. Third, all important risk factors and 
determinants should be assessed. 
Water resources development projects should include in-depth assessment of potential 
health impacts, including lymphatic filariasis and Japanese encephalitis in settings where these 
diseases are endemic. Indeed, institutionalisation of HIA for development projects quite 
generally, analogous to EIA, would lead to information requirements that could fill many of the 
data gaps described. In addition, mitigation strategies to alleviate potential negative health 
impacts would also be part of the process of implementing new water projects. Introduction of 
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monitoring and surveillance systems proximal to such water resources development projects 
would facilitate systematic evaluation of the impact of these ecosystem interventions over time. 
This, in turn, would greatly improve our understanding of the role of dams and irrigation 
systems in either promoting or reducing the transmission of lymphatic filariasis and Japanese 
encephalitis. 
9.4 Part IV - Dengue vector control 
As shown by our meta-analysis, there are readily available vector control strategies to 
effectively control dengue. However, despite the availability of these tools that were developed 
even before dengue became a global public health problem after the Second World War, they 
failed to stop its emergence. Globally, the emergence of dengue during the past 50 years was 
fast-paced. Starting with a few hundred cases in the 1950s (Smith, 1956), an estimated 50-100 
million cases per annum are documented currently with a trend still going upwards (WHO, 
2006b). In Colombia, for example, there were no reported cases in 1960, but 22,775 cases in the 
year 2000. In Thailand, there were 1851 cases in 1960, 43,382 in 1980 and 34,291 cases in 
2005. While in Colombia dengue incidence is increasing year by year, it is stabilising on a high 
level in Thailand (WHO, 2006b). The reasons for the dramatic global spread of dengue are 
complex and not well understood. However, several important factors have been identified. 
(1) Major demographic changes have occurred among those uncontrolled urbanisation and 
population growth are the most important. These demographic changes resulted in 
substandard housing and inadequate water-, sewer-, and waste management systems, all 
of which favour the proliferation of Ae. aegypti. 
(2) Most countries in which dengue is endemic experienced a deterioration of their public 
health infrastructure. 
(3) Competing priorities such as HIV/AIDS and limited financial and human resources led 
to a “control lethargy”, – i.e. action only with emphasis on emergency control of severe 
dengue outbreaks. A response-oriented approach rather than the development of 
programmes to prevent epidemic transmission is detrimental to dengue control. 
(4) In most countries dengue surveillance is passive, i.e. increased transmission is reported 
by physicians. As a consequence, an outbreak has often reached its peak before it is 
detected. 
(5) Increased international air travel results in a frequent exchange of the 4 subtypes of the 
virus between different endemic regions of the tropics. 
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(6) Large-scale and long-term mosquito control is virtually non-existent in most dengue-
endemic countries. 
 
There were a number of successful dengue programmes that controlled or even eliminated 
dengue. In British Guiana (now Guyana), environmental management and chemical control 
activities launched in 1939, led to a near elimination of Ae. aegypti. Control interventions were 
similar to those applied at the same time in Brazil (Killeen, 2003). Control activities implied 
routine examinations at 7-day intervals of all water containers in the vicinity of houses, a 
“marine inspection service” that searched breeding foci on docs and ships, and “adult capture 
squads” that searched for hidden breeding foci. The different groups were supervised by a 
vertically-structured and hierarchically-enforced system of inspectors. The Rockefeller 
Foundation assisted and financed those vector control activities that were led by the “British 
Guiana Yellow Fever Control Service” (De Caires, 1947).  
In Singapore, the government started a rigorous vector control programme in 1966. It 
mainly aimed at environmental management such as source reduction, sealing of containers and 
improving housing and access to piped water. The programme was based on the “Destruction of 
Disease-Bearing Insects Act” and conducted regular educational campaigns and did law 
enforcement by fines. The campaign achieved a sustainable reduction of the house index not 
exceeding 2% (Chan and Bos, 1987; Ooi et al., 2006). 
In 1981, Cuba launched the “Aedes aegypti Eradication Campaign” which was both 
vertically and horizontally organised. It comprised of an intensive phase with chemical control 
and a consolidation and maintenance phase. In the latter two phases health workers destroyed 
artificial breeding-sites, treated and sealed water containers and sprayed infested areas. Certain 
water containers and bromeliads were banned and biological control was instituted by stocking 
larvivorous fish in ponds and lakes. Fines were imposed for sanitary violations such as leaving 
water containers untreated or keeping water containing objects around the house. In the 
following years the house index could be kept as low as 0.1% (Armada Gessa and Figueredo 
González, 1986). 
A recent example of successful interventions was reported from Viet Nam where Ae. 
aegypti and Ae. albopictus were successfully controlled by the copepod genus Mesocyclops spp. 
In 1998, community evaluations, training and mobilisation were performed in the 3 northern 
provinces of Haiphong, Hung Yen and Nam Dinh. Based on knowledge, attitude and practice 
data and supported by health professionals, the community-based dengue control intervention 
consisted of a system of local leaders, health volunteers, teachers and schoolchildren. Activities 
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included enhanced recycling of discards for economic gain, removing unused water containers 
and introducing Mesocyclops spp. Control efforts achieved complete control in most of the 
communes with a long-lasting effect. Moreover, the Vietnamese government adopted this 
control strategy into their national dengue control strategy. 
Examples of Guyana, Cuba, Singapore and Viet Nam described above illustrate that 
effective and sustainable control is possible. However, their model cannot simply be applied to 
other countries. Following, key elements of successful dengue control interventions are 
summarised. 
Successful control interventions were (i) long-term and community-based, (ii) conducted 
within defined areas or islands, (iii) vertically-enforced and horizontally-conducted, whereas 
this was only successful in countries with powerful governments under socialist (Cuba and Viet 
Nam) or authoritarian rule (Singapore), (iv) accompanied by educational programmes, (v) 
initiated by the highest authorities (vi) equipped with sufficient financial and human resources 
(vii) were based on national legislation and law enforcement, and (viii) usually, integrated 
vector management was the method of choice. 
Although vector control is an adequate tool for dengue prevention, there is an urgent need 
for a vaccine and for drugs to treat DHF and dengue shock syndrome (DSS) (WHO, 2006a). 
Taken the high disease burden and its associated costs, a dengue vaccine is justified in any case 
(Halstead and Deen, 2002). Even with well functioning and effective vector control programmes 
it is difficult to completely interrupt transmission (Gubler, 2004). First, this is due to the influx 
of infected people into dengue areas, second, due to remaining pockets of vector breeding sites 
that cannot be cost-effectively targeted by vector control programmes and third, as conjectured, 
due to possible reservoir animals (primates) (de Silva et al., 1999). 
The search for a save and effective vaccine is going on for decades, but unfortunately no 
save and effective vaccine has been developed thus far. However, in principle, an effective 
vaccine is feasible since dengue causes only acute illness with a short period of viremia of about 
2 to 7 days. After infection, a state of complete virus-free recovery and immunity follows. 
Individuals who experienced dengue infection are immune to re-infection of the same subtype. 
The main problem arises with secondary infection with another subtype since pre-existing 
heterotypic antibody is a risk factor for DHF and DSS. Therefore, a dengue vaccine has to be 
tetravalent, i.e. it needs to induce an immune response to all four serotypes. Yet, a tetravalent 
vaccine that incorporates all four antigens has proven to be difficult. It would imply the use of 
more sophisticated multi-dose immunisation regimens. Another problem is the lack of an 
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appropriate animal model. Studies of candidate vaccines have analysed efficacy only in animal 
models which cannot reproduce DHF as it appears in humans (Chaturvedi et al., 2005). 
However, there were never so much resources available and activities going on in the field 
of dengue vaccine development as there are currently. Dengue vaccine development is mainly 
led by the Special Programme for Research and Training on Tropical Diseases (TDR) of 
UNICEF, UNDP, World Bank, WHO (Kroeger et al., 2006) and by the Pediatric Dengue 
Vaccine Initiative (PDVI) (PDVI, 2006). The latter recently received a grant from the Bill and 
Melinda Gates Foundation of over US$ 50 million for the next few years (Gates Foundation, 
2003). With the success of live-attenuated viruses for the vaccination against flavivirus-diseases 
(e.g. yellow fever) most of the research is currently centred around this approach (Jackson and 
Myers, 2005; Simasathien and Watanaveeradej, 2005). In the past few years there were several 
ongoing phase 1 clinical trials with chimeric live-attenuated dengue vaccines in late stages of 
development (Halstead and Deen, 2002). Those candidates seem to be promising but a fully 
maturated vaccine has to be awaited (Pugachev et al., 2005; Guirakhoo et al., 2006). 
It is clear that having a dengue vaccine would have unprecedented advantages. However, 
the example of yellow fever, a similar disease also caused by a vector-borne flavivirus, where a 
cheap and effective vaccine is available, shows that a single approach is not sufficient to control 
or eliminate a disease. The yellow fever vaccine has been available for almost 60 years and yet 
yellow fever could not be eliminated. Between 1939 and 1952, for example, yellow fever cases 
almost vanished from French West Africa after intensive vaccination campaigns but since then, 
yellow fever is on the rise again. This reflects also the global situation where yellow fever 
mortality and morbidity was increasing in the past three decades with currently 200,000 
estimated cases and 30,000 deaths annually (WHO, 2006a). Reasons for this are similar to the 
ones of dengue, whereas the breakdown of vector control programmes and less rigorously 
conducted mass-vaccination campaigns might be the most determining factors (Gubler, 2004). 
However, there are significant differences in the epidemiology of yellow fever and dengue. 
Yellow fever has reservoir animals (monkeys) that play an important role in transmission and 
infected vectors can carry their virus through their eggs to the next generation (horizontal 
transmission). 
There is not only an urgent need for a dengue vaccine but also for new safe and cost-
effective insecticides. Pyrethroids, for example, which are used for impregnating bed nets are 
save but relatively expensive insecticides and there is growing concern of resistance (Zaim and 
Guillet, 2002). No new public health insecticides for vector control were developed in the past 
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30 years. Reasons for that are the contraction of the agrochemical industry due to a lack of 
market interests (Hemingway et al., 2006). 
Another important issue of dengue control is the accidental introduction of Ae. aegypti and 
Ae. albopictus into dengue-endemic areas. This happens mainly via international transportation 
of goods such as used tires (Hawley et al., 1987). Although they are a potential threat to health, 
they do not appear in international classifications of hazardous goods such as infectious 
biological or toxic chemical materials. Goods that potentially contain and introduce vector 
larvae should be considered as potentially hazardous goods and thus international regulations 
have to be adapted. Such new international legislation could be incorporated in an update of the 
Basel Convention on the Control of “Transboundary Movements of Hazardous Wastes and their 
Disposal”. The Basel Convention defines this issue in its list of hazardous characteristics very 
broadly under code “H6.2 - Infectious substances” which are “substances or waste containing 
viable micro-organisms or their toxins which are known or suspected to cause disease in animals 
or humans” (UNEP, 2006). This definition is however not specific enough to effectively 
regulate the control and monitoring of the introduction of disease vectors into endemic areas. 
Currently, there are no drugs available to treat dengue. To develop drugs to treat DHF/DSS 
the pathogenesis should be better understood. Its mechanism is still a subject of controversy. 
Mechanisms and parts of the immune system that could be related to the severity of dengue 
infection include immune-complex disease, antibodies cross-reactions with vascular 
endothelium, enhancing antibodies, the complement and its products, various humoral mediators 
including cytokines, the selection of virulent strains and virus virulence (Chaturvedi et al., 
2005).  
The mainstay of the cure of patients with severe dengue is the treatment and compensation 
of the acute increase in vascular permeability leading to loss of plasma from the vascular 
compartment. Plasma loss can go up to 20% and can lead to tissue anoxia, metabolic acidosis 
and death. Replacement of plasma losses with plasma expander and electrolyte solution mostly 
results in a full recovering. For this, early rapid resuscitation from shock and the adjustment of 
metabolic and electrolytic imbalances will prevent disseminated intravascular coagulation. 
Following this approach fatality rates of DSS can be reduced to less than 1% (WHO, 1997). 
Concerning dengue vector control and prevention we do not advocate one specific 
approach but rather interventions that are tailored and adapted to a specific setting. Before 
implementing control interventions, there should be entomological, environmental, knowledge, 
attitude and practice and socio-economic studies that assess the local situation. Depending on 
transmission parameters vector control activities can go through different phases. If transmission 
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is high, control measures can be intensive, e.g. through in- and outdoor spraying, water-
treatment, environmental manipulation and source reduction. Subsequent activities should 
consolidate activities by, if cultural habits allow, improving housing (screening), water storage 
(sealed containers) and water supply (piped water), by promoting to host larvivorous organisms 
in water tanks and by sanitary legislation and law enforcement. Vector control activities should 
go hand-in-hand with educational programmes that increase the awareness and ability to 
adequately respond to DHF/DSS. Therefore, affected population should be provided with the 
required support, training and material. Monitoring ongoing interventions and accounting 
expenses are prerequisite for calculating cost-effectiveness and for assessing their effectiveness.  
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10. Conclusions 
10.1 Large dams and human health 
(1) Dams are essential for providing water, electricity, flood control and for navigation but if 
they are not well designed and operated, they can negatively impact on human health. 
Negative impacts range from psychosocial disorders to infectious diseases. Impact can 
occur directly, e.g. by creating ecological niches for disease vectors, or indirectly, e.g. by 
increased transmission of sexually-transmitted infections in construction workers.  
(2) Health impacts caused by dams in tropical and sub-tropical countries are stronger than in 
developed countries. This is due to the fact that public health is mainly determined by 
the environment of those countries. 
(3) The hydropower potential in developed countries has been explored. Activities and 
investment centre around improving existing dams and on decommissioning old dams 
and hence this shift in focus should also occur with regard to HIA. 
10.2 The NT2 project 
10.2.1 Baseline health and health indicators in the NT2 area 
(1) The two baseline health and socio-economic surveys in Nakai and XBF collected a 
wealth of data that could be used to assess the baseline health situation of affected 
communities in the area of the NT2 project in Lao PDR. However, no or insufficient 
information was available with regard to exposure to hazardous material, psychosocial 
issues, respiratory diseases and sexually-transmitted infections, including HIV/AIDS.  
(2) It is conceivable that improvements of sanitation facilities, health systems and socio-
economic status accompanied with health education, will reduce the burden of intestinal 
parasites and anaemia in both settings. 
(3) Malaria prevalence, access to sanitation and clean water, intestinal parasites, 
anthropometric indices and anaemia were extracted as indicators that can be utilised for 
monitoring changes in health, general wellbeing and equity over the course of project 
implementation and operation. 
(4) Improvement of livelihoods in general, and improvement of nutrition in particular is 
likely to result in decreased prevalences of wasting, underweight and stunting. 
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10.2.2 Health seeking behaviour and symptoms of ill-health in the NT2 area 
(1) The population on the Nakai plateau seemed to be more affected and vulnerable to 
diseases than the XBF population in the lowland.  
(2) Gender differences were more pronounced and highlanders were less integrated in the 
health system compared to the people from the Mekong lowlands.  
(3) Our findings confirm that infectious diseases are the predominant causes of ill-health 
both in Nakai and XBF.  
(4) The study showed that even at small scale, certain patterns of health care seeking 
behaviour and perceived ill health can vary significantly.  
(5) Access to health facilities and provision of health care in Lao PDR is limited by lack of 
infrastructure, resources and by seasonal and logistical inaccessibility. 
10.3 Health impact assessment 
(1) For most dam projects that were built in the past, EIA was performed, let alone HIA. 
This often led to unexpected disease outbreaks which jeopardised the projects’ gains. 
(2) Only 6% of the publications had a specific focus on developing countries. Hence, HIA 
should made available for the public. This can be achieved by putting all relevant 
information on accessible online databases. 
(3) Poor communities in the developing world are particularly vulnerable to construction 
and operation of large infrastructure developments since environmental determinants are 
more important, particularly with regard to infectious diseases. However, sexually-
transmitted infections, including HIV/AIDS, are also of great public-health significance 
since large infrastructure development projects can alter their frequency and 
transmission dynamics. 
(4) There is a pressing need for HIA in the developing world, particularly in view of current 
predictions of major petroleum and water resources development projects, and China’s 
increasing investment in the oil and water sectors across Africa.  
(5) Binding international regulations should be created to insure that projects, programmes 
and policies undergo HIA, particularly if they are in the developing world. 
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10.4 Lymphatic filariasis and Japanese encephalitis 
10.4.1 Lymphatic filariasis 
(1) The 12 publications that fulfilled the selection criteria of our literature search can be 
grouped into two broad categories, namely (i) those that looked at ecosystems influenced 
by irrigated rural agriculture, and (ii) those that investigated urban environments affected 
by poor design and lack of maintenance of infrastructures for drainage of sewage and 
storm water. 
(2) The transmission of lymphatic filariasis can be altered by water resources development 
projects and inadequate sanitation. In rural settings, lymphatic filariasis transmission can 
be changed by irrigation systems, canals and dams. In urban settings by inadequate 
sanitation, e.g. as a consequence of uncontrolled urbanisation. 
(3) Community-based integrated vector control using environmental management combined 
with chemical control impacts on lymphatic filariasis transmission in a way that it can be 
focally eliminated. 
(4) Vector control interventions taking into account environmental, biological and 
socioeconomic determinants, should receive more pointed consideration, as it is a 
promising approach to complement mass drug administration programmes that form the 
backbone of the GPELF.  
(5) Studies are needed which qualitatively and quantitatively assess both transmission and 
disease parameters, coupled with changes in demographic, health, and socio-economic 
parameters over the course of the construction and operation of water resources 
development projects. 
10.4.2 Japanese encephalitis 
(1) In the past 40 years the total rice harvested area in Japanese encephalitis-endemic 
countries rose by 22% which might be the main cause of the increase of the incidence of 
Japanese encephalitis. 
(2) Studies showed that in rice fields where AWDI was practices, Cx. tritaeniorhynchus 
immatures were substantially reduced, whereas in some cases the rice-yield could be 
increased and water consumption reduced.  
(3) Similar control success was made with an integrated vector management approach using 
larvivorous fish combined with AWDI. 
(4) There is an urgent need to implement and monitor the effectiveness of well-tailored 
interventions to further strengthen the understanding of the contextual determinants of 
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environmental and biological control methods on vector abundance and clinical 
outcomes of Japanese encephalitis in different ecological, epidemiological and socio-
cultural settings. 
10.5 Dengue vector control 
(1) The most effective method to reduce the Breteau Index, House Index and Container 
Index was integrated vector management. 
(2) Biological control usually targeted a small number, whereas integrated vector 
management focused on larger populations. 
(3) Competing priorities such as HIV/AIDS and limited financial and human resources led 
to a “control lethargy” of dengue control. 
(4) Features of the most successful dengue control interventions include (i) long-term and 
community-based, (ii) conducted within defined areas or islands, (iii) vertically-enforced 
and horizontally-conducted, (iv) accompanied by educational programmes, (v) initiated 
by the highest authorities (vi) equipped with sufficient financial and human resources, 
(vii) based on national legislation and law enforcement, and (viii) usually integrated 
vector management. 
(5) There is a pressing need to comparatively assess the cost-effectiveness of different 
dengue vector control strategies. 
